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PREFACE. 


The  scheme  of  the  present  work  has  been  to  collect 
together  a  series  of  representative  facts  relating  to  the 
production  and  utilisation  of  light  for  public  use,  whether 
by  means  of  coal  gas  or  electricity.  In  such  a  connection 
auxiliary  methods,  such  as  the  use  of  acetylene  and 
petroleum,  could  not  be  passed  over,  and  therefore  are 
included.  It  would  have  been  impossible  to  comprise 
full  details  of  all  adjuncts  relating  to  these  several 
subjects  within  the  compass  of  a  volume  of  the  present 
size,  and  therefore  much  interesting  matter  has  necessarily 
been  left  out,  but  it  is  hoped  that  the  essential  features 
have  been  indicated  with  sufficient  clearness.  The 
reader  who  desires  to  follow  the  various  processes 
involved  in' the  production  of  either  coal  gas  or  electricity, 
after  reading  the  introductory  accounts  herein  given, 
will  doubtless  continue  their  study  in  the  more  strictly 
technical  text-books.  The  accounts  given  of  the  results 
of  actual  working  operations  will,  it  is  believed,  be  of  no 
little  interest,  particularly  the  full  information  afforded  in 
the  valuable  reports  by  Mr.  Bellamy,  City  Lighting 
Engineer  of  Liverpool,  whose  work  in  this  direction  has 
deservedly  gained  the  approbation  of  all  those  who  have 
followed  its  progresa  Probably  in  no  other  town  has 
public  lighting  been  more  successfully  and  economically 
studied  and  carried  into  effect    The  particulars  relating  to 
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the  progress  which  has  been  made  in  the  production  and 
utilisation  of  electricity  is  well  exemplified  in  the  case  of 
Bristol,  where  the  important  factor  of  the  "  day-load  "  has 
received  much  attention,  resulting  in  a  striking  success. 
A  feature  of  the  present  work  which  will,  it  is  hoped,  be 
of  much  assistance  to  those  having  charge  of  public  lighting 
is  the  valuable  series  of  tables,  giving  full  particulars  of 
the  systems  employed  in  a  large  number  of  representative 
towns  both  in  America  and  England  The  author  has 
to  express  his  sincere  thanks  to  the  various  authorities 
referred  to,  who  have  in  every  case  kindly  revised  the 
proof  sheets,  thereby  bringing  them  up  to  date  and 
ensuring  their  correctness.  Sincere  thanks  are  due  to 
those  gentlemen  who  have  kindly  supplied  illuistrations 
for  the  work  and  assisted  with  much  valuable  information, 
particularly  to  Mr.  G.  E.  Moore,  M.  Inst.  Mech.  E.,  Mr.  T. 
Glover,  Mr.  T.  Fairley,  Mr.  H.  Leicester  Greville,  Mr. 
W.  Sugg,  Mr.  Trotter,  Mr.  Bellamy,  Mr.  MacKean,  Mr. 
Hammond,  The  Brush  EHectrical  Engineering  Company, 
Mr.  BL  T'araday  Proctor,  Messrs.  Siemens  Bros.,  The 
General  Electric  Company,  Mr.  F.  H.  Medhurst,  Mr.  W.  C. 
Hawtayne,  Mr.  H.  CoUings  Bishop,  Mr.  H.  E.  Baker, 
the  Editors  of  The  Electrical  Review,  The  Electrical 
Engvneer,  The  Journal  of  Oas  LiglUing,  the  Society  of 
Chemical  Industry,  the  Council  of  the  Institution  of 
Civil  Engineers,  and  many  others,  for  which  due 
acknowledgment  is  given  imder  the  respective  headings. 
The  author  also  desires  to  acknowledge  the  valuable 
services  of  his  chief  assistant,  Mr.  R  G.  Grimwood,  F.I.C., 
&a,  in  connection  with  the  correction  of  proofs,  &c. 
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INTRODUCTION. 

Amongst  the  more  important  scientific  discoveries  which 
ripened  during  the  past  century  into  active  agents 
for  the  daily  benefit  of  man,  artificial  illumination  by  gas 
and  electricity  necessarily  takes  its  place,  being  one  of  the 
chief  factors  in  our  modern  civilisation.  Not  only  has  it 
assisted  in  prolonging  the  hours  of  both  work  and  pleasure, 
but  it  is  also  one  of  the  chief  agents  in  diminishing  crime 
in  our  crowded  cities.  It  is  a  well-known  fact  that  where 
stieets  and  places  of  public  resort  are  thoroughly  well  illumi- 
nated crime  becomes  a  vanishing  quantity. 

Light  is  a  form  of  energy  produced  by  either  chemical  or 
mechanical  processes,  and  may  consequently  be  derived 
from  natural  sources  of  energy,  such  as  a  waterfall,  or  by 
the  combustion,  ie.,  combination  with  oxj'gen,  of  "  fuel " 
either  in  the  cells  of  a  voltaic  batterj'  or  in  a  furnace.  It 
matters  not  whether  this  fuel  be  metal  in  the  former,  or 
coal  or  wood  in  the  latter  instance.  The  energy  developed 
on  lx>ing  converted  into  the  electric  current  is  capcible  of 
producing  light  by  passing  between  carbon  points,  or  by 
heating  to  a  otate  of  incandescence  solid  bodies  such  as 
carbon,  platinum,  &c. 

The  first  to  produce  the  electric  arc  light  was  Sir 
Humphry  Davy,  who,  in  1810,  showed  that  when  a  battery 
of  2000  plates  was  connected  by  wires  to  charcoal  points, 
bright  spai'ks  were  emitted  on  those  points  being  brought 
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into  contact.  On  these  points  being  slowly  withdrawn 
from  each  other,  constant  pa^jsage  of  the  electric 
current  took  place,  with  the  result  that  a  brilliant 
electric  arc  light  w^as  obtained.  This  startling  result 
was  immediately  closely  investigated  by  the  great 
chemist,  who  found  that  minute  fragments  of  carbon 
were  being  constantly  transferred  from  one  carbon 
electrode  to  the  other,  and  that  the  light  was  produced  by 
these  carbon  fragments  raised  to  an  intense  heat  by 
the  electric  discharge.  This  remarkable  and  pregnant 
discovery  may  be  considered  as  the  starting  point 
of    the    present    perfected    condition    of    electric    light- 

Perhaps  it  would  be  diflScult  to  find  a  more  fitting 
commentary  upon  these  early  discoveries  than  is  contained 
in  the  following  remarks  of  the  late  Mr.  Denny  Lane,  the 
well-known  gas  engineer,  who,  in  hi.^  presidential  address 
to  the  Gas  Institute  in  1893,  said  : — 

"  In  the  generation  of  electricity  from  mechanical  force 
an  enormous  advance  has  been  made  since  the  time  when, 
over  eighty  years  ago,  this  *  new  planet  *  first  '  swam  into 
the  ken'  of  the  great  philosopher,  and  what  is  most 
remarkable  is  the  fact  that  this  marvellous  ffi'owth  was 
derived  from  his  small  lal)oratory  experiments.  First  of 
all,  Oersted,  in  1819,  discovered  tliat  a  magnetic  needU^ 
suspended  on  a  pointed  pivot^  was  deflected  if  an  electric 
current  was  "passed  through  a  wire  in  its  vicinity,  and 
parallel  to  it ;  and  thus  electricity  produced  mechanical 
movement.  It  seems  strange  that  no  one  thought  of  trying 
the  convei'se  —  namely,  whether  moving  the  magnet 
mechanically  would  produce  a  cunent  in  the  wire — until 
1831,  when  Faraday  made  his  great  discovery  that,  in  a 
conductor  moved  into  or  out  of  a  magnetic  field,  a 
momentary  current  was  produced  as  it  crossed  what  he 
called  the  *  line  of  force.'  Everything  that  has  been  done 
since  then,  by  Siemens,  Gramme,  Wilde,  Wheatstone,  Ladd, 
and  others,  is  but  the  natural  growth  of  the  seed  that 
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germinated  in  the  fertile  soil  of  Oersted  s  and  Faraday's 
intelligence.  And  what  a  growth  it  has  been.  The  tele- 
graph, the  electric  light  and  traction,  and  the  transference 
of  power  for  over  100  miles,  conversations  carried  on 
between  two  people  separated  by  hundreds  of  miles,  electro- 
motallur^y,  the  separation  of  rare  metals  from  their 
matrices,  and  the  thousand  oflices  i>erformed  by  this  deft 
and  willing  servant  of  man.  When  your  practical  man 
scoffs  at  what  he  calls  the  toys  of  science,  let  him  reflect  on 
the  momentous  issues  of  these  two  simple  experiments.  In 
the  whole  history  of  practical  science  nothing  is  so  amazing 
as  the  development  of  dynamo-electric  energy." 

Following  the  experiment  of  Davy,  the  first  practical 
application  of  his  discovery  was  the  introduction  of  the 
electric  light  in  the  original  form  in  which  he  produced  it. 
Improvements  were  made  with  the  view  of  steadying  the 
light,  but  these  were  more  in  the  nature  of  accessories  than 
improvements.  It  was  not  until  some  twenty  years  back 
that  a  marked  departure  was  made,  when  Jablochkoff 
arranged  the  two  carbon  rods  parallel  to  each  other,  and 
made  use  of  an  alternating  electric  current  to  ensure 
equal  rates  of  consumption  of  the  two  points  of  the 
rods. 

After  extensive  trials  on  the  Continent,  particularly  in 
Paris,  it  was  tried  publicly  in  London  by  the  Metropolitan 
Board  of  Works  for  illuminating  the  Thames  Embankment 
from  Westminster  to  Blackfriars  Bridge.  So  little  was  then 
known  of  the  capabilities  of  the  new  system,  that  the  sug- 
gestion to  light  such  a  length  of  the  Embankment  from  a 
central  generating  station  placed  under  the  railway  bridge 
crossing  the  Embankment  at  the  end  of  Northumberland- 
avenue  was  met  with  considerable  derision;  even  those  in 
charge  of  the  experiment  were  not  a  little  nervous  for  fear 
that  the  current  would  not  be  strong  enough  at  the  terminal 
lamps  to  enable  them  to  start  and  maintain  the  arc.  As 
many  will  remember,  the  experiment  was  a  great  success 
and  continued  to  illuminate  the  beautiful  carriage  way  and 
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river  front  of  the  late  Sir  Joseph  Bazalgette's  great  work 
for  several  j^ears. 

No  great  progress  was,  however,  immediately  made. 
Brush  and  others  improved  the  regulating  arc  lamp,  but 
they  left  it  an  arc  lamp  still.  For  many  purposes  the  light 
was  too  powerful,  and  when  it  was  reduced  by  suitable 
shades  and  globes,  the  cost  of  the  actual  light  utilise<l 
became  prohibitive,  with  the  result  that  beyond  a  few  rail- 
way stations  and  prominent  places  of  public  resort,  it  found 
few  patrons. 

The  difficulty  was  the  division  of  the  light,  and,  like  so 
many  other  difficulties,  no  sooner  was  this  keenly  realised 
than  it  was  solved.  When  the  Thames  Embankment 
experiments  were  undertaken,  viz.,  1880,  the  problem  was 
to  so  place  the  lights  that  there  should  be  a  fairly  even 
illumination  on  the  pavement  without  incurring  too  great 
an  expense  by  an  excessive  number  of  lights,  and  many 
suggestions  were  made  to  meet  the  difficulty. 

When  the  system  of  the  electric  incandescence  of  a  carbon 
filament  was  introduced  by  Edison  and  Swann,  both 
working  independently,  it  was  at  once  recognised  as  a 
complete  solution  of  this  problem,  and  the  downfall  of  the 
gas  companies  was  anticipated  in  the  very  near  future. 
The  new  light  filled  a  groat  want  in  reference  to  the  illumi- 
nation of  confined  and  badly-ventilated  rooms,  and  rapidly 
took  its  place  in  the  popular  favour.  The  improvements, 
however,  which  have  been  made  in  arc  lamps  are  so  great 
that  their  use  is  extending  largely;  a  fact  which  is  not 
surprising  when  it  is  coasidered  that,  roughly  speaking,  the 
arc  lamp  is,  light  for  light,  only  about  one-tenth  as  costly 
as  that  of  the  incandescent  electric  lamp. 

This  fact,  however,  is  not  a  little  vitiated  by  the  great 
reduction  which  the  light  of  the  arc,  as  generally  used,  under- 
goes by  the  interference  of  the  rays  by  the  globe  surround- 
ing the  carbon,  which  in  some  cases  will  cut  off  as  much  as 
60  per  cent,  of  the  initial  light  yielded.  In  this  connec- 
tion it  is  worthy  of  note  that  the  original  estimates  of  the 
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electricians  as  to  the  candle-power  of  the  arc  lamps  were 
most  misleading.  Lamps  which  afforded  no  more  than 
450  candles  without  globes  were  called  "  1000  -  candle 
lamps,"  but  the  effective  light  from  these,  after  they  were 
fitted  with  globes,  was  only  some  250  candles,  and  even  as 
low  as  150  candles  when  opal  globes  were  employed. 

In  a  similar  manner,  but  not  to  so  great  an  extent,  the 
electrician's  estimate  of  the  luminous  intensity  of  the  in- 
candescent electric  lamp  was  also  over-stated.  In  the 
coui-se  of  the  present  work  this  question  will  be  fairly  dealt 
Avitli  on  the  basis  of  actual  estimations  made  by  the 
writer,  as  well  as  of  the  current  recjuired  to  pro- 
duce a  given  degree  of  illuminating  power. 

The  basis  upon  which  the  value  of  the  electric  current, 
and  consequently  that  of  the  light  and  power  supplied,  is 
fixed,  is  a  subject  for  careful  consideration.  In  this  country 
the  Board  of  Trade  unit  is  adopted.  This  term  indicates 
quantity,  expressed  in  "amperes"  multiplied  hy  intensity 
expressed  in  "volts."  Thus,  a  Board  of  Trade  "unit"  may 
be  1000  amperes  multiplied  by  1  volt,  or  1  ampere  multiplied 
by  1000  volts ;  or  10  ampferes  by  100  volts,  &c.  In  each 
case  the  flow  of  electric  energy  is  equal  to  1000  watts;  and 
this  1000  watts,  or  1  kilowatt,  acting  during  1  hour,  equals 
one  Board  of  Trade  unit.  If  the  quantity  (amperes)  and  the 
intensity  (volts)  required  to  yield  a  given  volume  of  light 
be  known,  the  conversion  of  these  factors  into  terms  of 
Board  of  Trade  units  can  readily  be  made,  and  conse- 
quently the  cost  of  the  lights  ascertained  at  the  current 
price  fixed  for  the  supply  of  electric  energy. 

Having  paid  the  latest  comer  the  compliment  of  priority 
in  the  discussion,  we  may  now  turn  to  some  considerations 
respecting  the  introduction,  manufacture,  supply,  and  use  of 
gas.  For  this  purpose  probably  no  better  guidance  can  be 
followed  as  to  the  early  history  of  this  industry  than  that 
of  Frederick  Accum,  lecturer  on  practical  chemistry,  &c.,  who 
in  1815  published  "A  Practical  Treatise  on  Gas  Light.'' 
The  great  difficulty  which  the  early  a^lvocates  of  this  new 
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system  of  artificial  illumination  experienced  is  well 
indicated  by  the  following  passage  in  liis  "  Introductory 
Remarks  " : — 

"The  scheme  of  lighting  houses,  streets,  and  manufac- 
tories, by  means  of  the  inflammable  gas,  obtainable  by 
distillation  from  common  pit  coal,  professes  to  increase  the 
wealth  of  the  nation,  by  adding  to  the  number  of  its  internal 
resources,  and  on  this  ground  it  is  entitled,  at  least  to  a 
candid  examination.  The  apparent  slight  that  has  been 
thrown  upon  this  new  branch  of  civil  economy  by  some 
individuals,  who  appear  to  be  incapable  of  judging  of  its 
nature,  has  contributed  to  deter  sensible  and  well-disposed 
persons  from  wishing  it  success.  It  is  the  more  necessaiy 
to  state  this  fact,  because  when  a  mistaken  notion  once 
■becomes  diffused  concerning  the  nature  of  a  new  project, 
persons  of  the  best  intentions  are  liable  to  become  affected 
with  wrong  impressions  on  their  mind." 

History  repeats  itself.  These  words,  written  nearly  a 
century  ago,  may  be  applied  equally  to  many  impoiiant 
matters  at  present  under  discussion. 

The  discovery  and  introduction  of  coal  gas  is  described 
by  Accum  in  the  following  "Sketch  of  the  Rise  and  Progress 
of  the  Discovery  and  Application  of  Coal  Gas  as  a  Sub- 
stitute for  Procuring  Artificial  Light'*: — 

"  To  assist  the  reader  in  comprehending  the  nature  and 
object  of  substituting  coal  gas  for  tallow  or  oil,  for  the 
pui-pose  of  obtaining  light,  it  may  be  proper  to  touch  slightly 
upon  the  successive  discoveries  that  have  been  made  as  to 
the  decomposition  of  coal,  and  the  application  of  its  different 
ingredients.  Such  a  sketch  will  add  to  the  many  examples 
that  occur  in  the  history  of  science  and  art,  showing  the  slow 
progress  of  mankind  in  following  up  known  principles,  or 
extracting  from  acknowledged  facts  every  possible  advan- 
tage. 

"  In  the  *  Philosophical  Transactions '  of  the  Royal 
Society,  vol.  xli.,  so  long  ago  as  the  year  1739,  is  recorded  a 
paper,  exhibiting  an  account  of  some  experiments  made  by 
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Dr.  James  Clayton,  from  which  it  appears  that  the  in- 
flammable nature  of  coal  gas  was  then  already  known. 
Dr.  Clayton,  having  distilled  Newcastle  coal,  obtained,  as 
products  of  the  process,  an  aqueous  fluid,  a  black  oil,  and 
an  inflammable  gas,  which  he  caught  in  bladders,  and  by 
pricking  these  he  was  enabled  to  inflame  the  gas  at 
pleasure. 

"  It  is  further  known  that  in  the  befjinning  of  the  last 
[i.e.,  eighteenth]  century,  Dr.  Hales,*  on  submitting  pit 
coal  to  a  chemical  examination,  found  that  during  the 
ignition  of  this  fossil  in  close  vessels,  nearly  one-third 
of  the  coal  became  volatilised  in  tlie  form  of  an 
inflammable  vapour.  Hence  the  discovery  of  the  inflam- 
mable nature  of  cpal  gas  can  no  longer  be  claimed  by  any 
person  now  living. 

"  In  the  year  17()7,  the  Bishop  of  Llandafl'f  examined  the 
nature  of  the  vapour  and  gaseous  products  evolved  during 
the  distillation  of  pit  coal.  This  leanieil  philosopher 
noticed  that  the  volatile  product  is  not  only  inflammable 
as  it  issues  from  the  distillatory  vessel,  but  that  it  also 
retained  its  inflammability  after  having  been  made  to  pass 
tl^rough  water,  and  suflered  to  ascend  through  two  high 
curved  tubes.  The  solid  mattei*s  obtained  by  this  vener- 
able prelate  were  an  ammoniacal  fluid,  a  tenacious  oil 
resembling  tar,  and  a  spongy  coal  or  coke." 

Coal  gas  was  also  discovered  by  a  Belgian,  Jean  Pierre 
Minkelers,  professor  at  the  University  of  Louvain,  on 
October  1st,  1784.  Aerostatics  had  just  come  to  the  atten- 
tion of  inventors.  In  1783  Dr.  Charles  sent  up  the  first 
balloon  at  Paris  filled  with  pure  hydrogen  gas.  But  hydro- 
gen was  too  expensive,  and  investigations  were  continued. 
At  the  request  of  the  Duke  of  Arenberg,  Minkelere  devoted 
himself  to  it.  All  substances  of  vegetable  origin  gave 
gas,  and  he  tried  a  large  number  of  them.  "  Finally,  on 
October   1st,  1784,"  he  wrote  in  his  "  Memoire  sur  lair 

•  "  Vegetab.  Statics,"  vol.  i. 

t  Watson's  "  Chemical  Essays,"  vol.  ii« 
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inflammable  tri6  de  differentes  substances "  (a  pamphlet 
printed  the  same  year,  which  removes  all  question  as  to 
date), ''  having  placed  the  coal  in  a  gun  ban-el,  I  obtained 
inflammable  air  in  abundance  and  very  promptly.  Four 
ounces  of  coal  gave  me  a  cubic  foot,  French  measure,  of  this 
air,  which  being  weighed  was  found  to  be  four  times  lighter 
than  atmospheric  air." 

Dr.  W.  Henry,  of  Manchester,  has  published  the 
following  account*  of  Murdoch  s  discovery  and  practical 
application  of  coal  gas : — 

"  In  the  year  1792,  at  which  time  Mr.  Murdoch  resided  at 
Redruth,  in  Cornwall,  he  commenced  a  scries  of  experi- 
ments upon  the  quantity  and  quality  of  the  gases  contained 
in  different  substances.  In  the  course  of  these  he  remarked 
that  the  gas  obtained  by  distillation  from  coal,  peat, 
wood,  and  other  inflammable  substances  burnt  with  great 
brilliancy  upon  being  set  lire  to ;  and  it  occurred  to  him 
that  by  confining  and  conducting  it  through  tubes  it  might 
be  employed  as  an  economical  substitute  for  lamps  and 
candles.  The  distillation  was  performed  in  iron  retorts, 
and  the  gas  conducted  through  tinned  iron  and  copper 
tubes  to  a  distance  of  70ft.  At  this  termination,  as  well  as 
at  intermediate  points,  the  gas  was  set  fire  to  as  it  passed 
through  apertures  of  different  diameters  and  forms,  pur- 
posely varied  with  a  view  of  asceii^aining  which  would 
answer  best.  In  some  the  gas  issued  through  a  number  of 
small  holes  like  the  head  of  a  watering-can;  in  others  it 
was  thrown  out  in  long  thin  sheets  ;  and  again  in  others  in 
circular  ones,  upon  the  principle  of  Argand's  lamp.  Bags 
of  leather  and  of  varnished  silk,  bladders,  and  vessels  of 
tinned  iron  were  filled  with  the  gas,  which  was  set  fire  to 
an<l  carried  alx)ut  from  room  to  room,  with  a  view  of 
ascertaining  how  far  it  could  be  made  to  answer  the 
purpose  of  a  movable  or  transferable  light.  Trials  were 
likewise  made  of  the  different  quantities  and  qualities  of 
gas  produced  by  coals  of  various  descriptions,  such  as  the 

*  Thompson's  "  System  of  Chemistry,"  vol.  i.,  page  52. 
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Swansea,  Haverfordwest,  Newcastle,  Shropshire,  Stafford- 
shire, and  some  kinds  of  Scotch  coals. 

"Mr.  Murdoch's  constant  occupations  prevented  his 
giving  further  attention  to  the  subject  at  that  time,  but 
he  again  availed  himself  of  a  moment  of  leisure  to  repeat 
his  experiments  upon  coal  and  peat  at  Old  Cumnock,  in 
Ayrshire,  in  1797,  and  it  may  be  proper  to  notice  that  both 
these  and  the  former  ones  were  exhibited  to  numerous 
sixjctatoi's,  who,  if  necessary,  can  attest  them. 

*'In  1798  he  constructed  an  apparatus  at  Soho  Foundry, 
which  was  applied  during  many  successive  nights  to  the 
lighting  of  the  building ;  when  the  experiments  upon 
different  apertures  were  repeated  and  extended  upon  a 
large  scale.  Various  methods  were  also  practised  of 
washing  and  purifying  the  air  to  get  rid  of  the  smoke  and 
smell.  These  experiments  were  continued  with  occasional 
interruptions  until  the  epoch  of  the  peace  of  the  spring  of 
1802,  when  the  illumination  of  the  Soho  manufactory 
afforded  an  opportunity  of  making  a  public  display  of  the 
new  lights,  and  they  were  made  to  constitute  a  principal 
feature  in  that  exhibition. 

"In  the  year  1803  and  1804,  Mr.  Winsor  exhibited  at 
the  Lyceum  in  London  the  general  nature  of  this  new 
mode  of  illumination,  though  the  machinery  for  procuring 
and  the  manner  of  purifying  the  gas  he  kept  a  secret.  He 
exhibited  the  mode  of  conducting  the  gas  through  the 
house,  and  a  number  of  devices  for  chandeliers,  lamps,  and 
burners,  by  v/hich  it  might  be  applied.  Among  these  he 
proposed  long  flexible  tubes  suspended  from  the  ceiling  or 
wall  of  the  room,  and  at  the  end  communicating  with 
burners  or  lamps  of  different  kinds.  This  gentleman 
showed  also  by  experiment  that  the  flame  of  the  gaslight 
produced  no  smoke ;  that  it  was  not  so  dangerous  as  the 
flame  of  candles  or  lamps  ;  that  it  could  not  produce  sparks; 
and  that  it  was  not  so  readily  extinguished  by  gusts  of 
wind  or  torrents  of  rain." 

It  will  thus  be  seen  that  the  early  introduction  of  coal 
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^as  was  due  not  only  to  the  efforts  of  one  individual,  but 
to  the  successive  work  of  many.  The  palm,  however,  for 
placing  the  system  in  a  practical  form  has  been  accredited 
to  Murdoch,  who,  it  will  be  seen  from  the  foregoing, 
steadily  persevered  until  he  finally  accomplished  the  work 
by  his  display  at  Soho. 

In  order  to  utilise  gaseous  matter  either  as  a  fuel  or  as  a 
light-giver,  it  must,  like  electrical  energy,  be  conveyed  from 
the  point  of  generation  to  the  place  where  it  is  to  be 
utilised. 

Electricity  is  conveyed  by  wires  or  copper  bands ; 
gas  is  forced  through  a  pipe.  If  we  want  to  pass 
more  gas  through  a  given-sized  pipe,  we  must  send  it  at  a 
greater  pressure  ;  but  if  the  pressure  cannot  be  increased, 
we  must  employ  a  larger  pipe.  In  order  to  obtain  more 
luminous  energy  Ave  must  use  a  larger  (juantity  of  gas,  but 
that  quantity  is  unavailable  unless  it  has  sufticient  i)ressure 
behind  it  to  cause  it  to  pass  through  the  orifice  of  the 
burners,  just  as  the  electric  current  must  have  sufficient 
voltage  or  pressure  to  enable  it  to  overcome  the  resistance  of 
the  carbon,  and  so  raise  it  to  its  light-giving  temperature. 
We  may  thus  consider  that,  in  the  transmission  of  ga.seous 
or  of  electrical  energy,  the  size  of  pipes  and  the  degree  of 
pressure  in  the  first  instance  may  be  compared  with 
the  cariying  capacity  of  the  wires  (in  amperes)  and 
the  pressure  of  the  cuirent  (in  volt^f)  in  the  second 
instance. 

When  examining  a  gas  supply  we  not  only  observe 
the  pressure,  which  is  indicated  by  the  height,  in  inches,  of 
a  column  of  water  supported  by  it,  but  its  illuminating 
constituents,  which  for  practical  purposes  are  best  indicated 
by  the  quantity  of  light  which  a  given  volume  of  gas  is 
capable  of  affording,  when  it  is  burnt  under  certain  specified 
conditions.  This  quality  of  the  gas  is  known  as  its  illumi- 
nating power.  Now,  what  is  the  property  pertaining  to 
electrical  energy  equivalent  to  the  chemical  composition  of 
coal  gas  in  regard  to  its  influence  on  illuminating  power  ?     It 
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is,  essentially,  the  pressure  or  voltage  ;  because,  although  the 
quantity  of  current  supplied  may  be  coastant,  any  falling  off 
in  the  pressure  is  followed  by  a  far  more  rapid  diminution  of 
the  light  given  by  any  specified  lamp.  Thus  a  16  candle-power 
lamp  was  found  to  give  15 '03  candles  when  the  current 
indicated  90-33  volts  and  0  628  ampferes,  equal  to  62  38 
watts.  When  the  voltage  fell  fi-om  99  to  96  the  loss  in 
candle-power  was  from  15  to  10 '9,  or  27*3  per  cent.;  and 
when  it'  fell  to  90,  the  loss  of  candle-power  was  exactly 
50  per  cent.  But  the  number  of  watts  (volts  x  amperes) 
by  which  the  value  of  the  current  to  the  consumer  is  esti- 
mated did  not  fall  in  proportion,  but  only  from  62  to  561, 
or  about  9  per  cent.  The  gi*eat  importance  of  the  voltage 
being  kept  fully  up  to  the  standard  point  is,  indeed,  of  far 
more  consequence  to  the  consumer  than  is  that  of  the 
illuminating  power  of  the  gas  being  equally  up  to  its 
standard ;  and  wherever  an  installation  of  the  electric  light 
is  introduced,  the  suppliers  should  be  luider  most  stringent 
regulations  as  to  the  voltage  of  the  supply. 

The  means  by  which  the  energy,  either  gaseous  or  elec- 
trical, is  to  be  utilised,  next  invite  consideration.  These 
are: — (1)  Burners,  which  may  be  divided  into  three  classes, 
viz.,  ordinary,  such  as  flat  flames,  Argands,  &c.;  recuperative, 
such  as  the  Wenham  and  others  of  that  type,  first  introduced 
by  Herr  F.  Siemens;  and  incandescent,  such  as  the  Welsbach. 
(2)  Electric  lamps,  which  may  be  divided  into  two  classes, 
viz,,  incandescent  and  arc  lamps.  For  our  purpose  we  may 
compare  ordinary  flat-flame,  &;c.,  gas  burners  with  incan- 
descent lamps,  and  recuperative  and  incandescent  gas 
burners  with  arc  lamps.  The  relative  practical  value  of 
these  different  systems  will  be  dealt  with  later  on. 

One  of  the  great  advantages,  however,  of  the  electric 
light,  especially  in  the  form  of  the  incandescent  filament,  is 
the  prevention  of  the  vitiation  of  the  atmosphere,  and  for 
certain  purposes  it  cannot  be  doubted  but  that  this  valuable 
property  outweighs  other  considerations.  This  fact  is  also 
of  the  greatest  importance  in  regard  to  its  use  as  a  heating 
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agent  -whether  for  cooking  or  industrial  uses.  Un- 
fortunately, at  the  present  time  the  cost  of  the  current  is 
prohibitive  in  regard  to  its  general  employment  for  these 
purposes,  but  they  may  become  factors  not  to  be  overlooked. 
With  regard  to  the  degree  of  superiority  which  the  electric 
light  possesses  over  gas  and  oil  flames  in  the  important  matter 
of  heating  effect  on  the  surrounding  atmosphere,  Professor 
Nicliolls  states  that  tlie  latter  deliver  to  the  room  about 
1000  gi'amme-calories  of  heat  per  minute  for  each  candle- 
power  of  3*6  gramme-calories  of  luminous  radiation.  An 
incandescent  lamp  of  5  percent,  net  efficiency  delivers  only 
72  gramme-calories  per  candle-power.  Mr.  Merritt,  of  the 
(.'ornell  Univei-sity,  concludes,  from  experiments  made  by 
Dr.  Thomson*  some  twenty-five  years  ago,  and  since 
repeated  by  himself,  that  the  true  efficiency  of  an  oil  lamp 
as  alight-making  machine  is  only  about  0*3  per  cent.,  or 
one-tenth  of  that  of  an  incandescent  lamp;  and  that  the 
latter,  although  an  immense  improvement  upon  gas  and 
lamps,  is  still  far  from  being  perfect  in  this  respect. 
Doubtless,  as  he  says,  this  is  a  question  which  merits  the 
serious  attention  of  investigators. 

When  considering  the  merits  of  a  scheme  for  introducing 
the  electric  light  into  small  towns,  the  initial  difficulty  of 
inducing  residents  to  incur  the  expense  of  wiring  their 
houses  mxist  not  be  overlooked ;  and  no  project  should  be 
taken  in  hand  until  this  point  is  fairly  faced. 

When  the  electric  light  first  began  to  find  its  way  into 
favour  as  a  public  illuminant,  many  persons  expressed  some 
fear  lest  the  peculiar  character  of  its  rays  might  be  injurious 
to  the  eyesight  of  those  constantly  at  work  by  its  aid, 
during  the  winter  months  especially.  Experience  has  now 
elicited  the  fact  that  there  is  no  evidence  of  injury  from 
tliis  cause.  Another  point  was  also  debated  with  no  little 
force,  viz.,  the  relative  diffusive  power  of  the  rival 
illuminanis.     Wliile   the  superior  power  of  the   arc  light 

*  Julius  Thomson,  *'Da8  Mechaaische  ^Equivalent  dcs  LicLics,"  Pogg. 
Ann.  czxv.,  page  348. 


Tntrodttcfion.  1*5 

enabled  it  to  hold  its  own  in  competition  with  all  others 
for  outdoor  illumination  in  this  respect  for  a  time,  the 
recently-improved  high-power  incandescent  gas  mantles  are 
again  calling  attention  to  this  point. 

Tt  is  true  that  the  introduction  of  the  Welsbach  incan- 
descent mantle  has  thrown  back  the  incandescent  electric 
light  veiy  considerably,  but  it  remains  to  be  seen  whether 
the  electricians  will  be  able  to  improve  the  incandescent 
glow  lamp  to  such  an  extent  as  to  outstrip  its  rival.  This 
may  yet  be  done  by  toughening  the  carbon  filament  to  such 
a  degree  that  it  can  successfully  stand  a  higher  voltage 
than  at  present,  in  which  case  greater  intensity  of  light  can 
be  readily  obtained  by  increasing  the  voltage  of  the  cur- 
rent. It  is  well  known  that  a  16-candle  electric  incan- 
descent lamp  may  l^e  raised  to  100  candles  by  increasing 
the  strength  of  the  current,  but  the  life  of  the  lamp  is 
shortened  from  hundreds  or  thousands  of  hours  to  only  a 
few  minutes  by  reason  of  the  breaking  of  the  carbon  fila- 
ment. A  most  interesting  feature  of  the  electric  arc  is 
the  property  of  enabling  a  light  to  be  readily  obtained 
which  is  more  or  less  comparable  with  daylight  in  character, 
and  therefore  especially  valuable  when  it  is  desired  to 
difTerentiate  colours. 

Whether  or  not  the  time  will  come  when  the  intensity  of 
the  electric  incandescent  lamp  will  be  readily  varied  under 
normal  conditions  of  current,  thus  raising  its  actinic  value, 
must  be  an  open  question ;  but  undoubtedly  it  would  be  of 
immense  advantage  if  it  were  possible  to  raise  the  tempera- 
ture of  the  filament  for  temporary  purposes,  until  it  yielded 
that  quality  of  light  which  we  know  it  is  capable  of  doing 
under  favourable, circumstances,  viz.,  aflfording  a  light  suffi- 
ciently pure  for  distinguishing  delicate  colours. 

The  character  of  the  light  obtained  from  the  arc,  as  well 
as  from  the  electric  incandescent  lamp,  has  been  made  the 
subject  of  very  extensive  study,  especially  by  Profe&sor 
Nicholls,  of  the  Physical  Laboratory  of  the  Cornell 
Univei'sitv  in  America,  who  has  followed  the  original  work 
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in  this  direction  of  Otto  Schumann  and  others.  In  the 
course  of  these  researches  it  was  demonstrated  that  the 
efficiency,  or  ratio,  of  the  energy  of  the  luminous  radiation 
of  the  arc  lamp  to  that  of  the  total  radiation,  luminous  and 
non-luminous,  in  the  horizontal  plane,  was  found  to  be 
exceedingly  small — varj'ing  from  about  5  per  cent,  to  a 
little  less  than  15  per  cent.,  the  ratio  increasing  as  the 
diameter  of  the  carbons  decreased.  In  the  case  of  the 
incandescent  lamp  at  the  normal  temperature  of  incan- 
descence, where  the  intensity  lies  in  the  neighbourhood  of 
sixteen  candles,  the  efficiency  does  not  rise  al)ove  5  or  6  per 
cent.  Continuing,  Professor  NichoUs  says: — "Since  the 
ratio  of  total  radiation  to  light-giving  radiation  increases 
but  slowly,  as  the  temperature  of  the  radiating  body  rises, 
the  efficiency  is  not  likely  to  be  increased  in  any  very 
marked  degree  until  we  shall  have  learned  how  to  suppress 
altogether  those  long  waves  which  yield  us  dark  heat,  and 
are  able  to  limit  the  vibmtions  of  our  source  of  light  to  that 
brief  octave  which  comprises  the  wave-lengths  to  which 
alone  the  human  retina  responds.  Whether  this  great  step 
is  to  be  made  by  robbing  the  glow-worm  and  the  fire-fly  of 
the  secret,  as  has  been  suggested  by  the  Director  of  the 
Sibley  College  of  Mechanical  Engineering,  or  by  other 
means,  we  know  not."  Mr.  Thurston's  remarks  to  the 
.above  effect  were  as  follows  : — "  The  second  of  the  greatest 
inventors  is  he  who  will  teach  us  the  source  of  the  beautiful 
soft  beaming  light  of  the  fire-fly  and  glow-worm,  and  will 
show  us  how  to  produce  this  singular  illuminant,  and  to 
apply  it  with  success  practically  and  commercially.'* 

Mr.  Thurston  claims  that  the  dynamo-electrical  engineer 
has  nearly  solved  the  problem.  Doubtless,  he  overlooked 
the  fact  that  Davy  and  Faraday  were  chemists. 

With  regard  to  the  relative  spectra  of  the  two  classes  of 
illuminants  under  discussion,  we  may  refer  to  the  work  of 
Dr.  Julius  Thomsen,  Professor  NichoUs,  Captain  Abney  and 
Colonel  Festing,  and  others.  In  the  first  place,  it  was 
found    that    the    light     of    the    candle,    oil,    and    gas 
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flames,  and  incandescent  electric  lamps  maintained  at 
normal  candle  power,  although  subject  to  considerable 
fluctuations  from  variations  of  the  conditions  under  which 
combustion  occurs,  differ  but  slightly  in  quality  one  from 
the  other.  The  incandescent  material  in  all  is  carbon ; 
and  it  is  a  significant  fact  that  the  average  temperature  of 
incandescence  is  nearly  the  same  in  all  luminous  flames,  and 
that  the  highest  temperature — at  any  rate,  until  very 
recently — at  which  it  has  been  found  practicable  to  main- 
tain the  carbon  filament  of  the  glow  lamp  is  very  nearly 
that  at  which  the  same  material  exists  under  most  circum- 
stances in  oil  and  gas  flames.  Passing  to  other  sources  of 
illumination,  such  as  the  limelight  and  the  electric  arc,  we 
find  the  entire  portion  of  the  spectrum  lying  beyond  the 
yellow  increasing  more  rapidly — regions  of  longer  wave 
length  than  the  yellow  increasing  less  rapidly  than  the 
candle  power,  and  the  rate  of  increase  growing  steadily  as 
the  wave  length  diminishes  from  the  red  to  the  violet  end 
of  the  spectrum. 

Luminosity  is  the  factor  which  we  must  take  into 
account  in  seeking  a  complete  expression  for  the  efficiency 
of  any  source  of  illumination;  and  the  method  to  be 
pursued  in  the  determination  of  the  luminasity  must 
depend  upon  the  use  to  which  the  light  is  to  be  applied. 
If  we  estimate  light  by  its  power  of  bringing  out  the 
colours  of.  natural  objects,  the  value  which  we  place  upon 
the  blue  and  violet  rays  must  be  veiy  different  from  that 
which  would  be  ascribed  to  them  if  we  consider  merely  its 
power  of  illumination,  as  applied  to  black  and  white.  In 
a  pictuie  gallery,  for  instance,  or  upon  the  stage,  the  value 
of  an  illuminant  increases  with  the  temperature  of  the 
incandescent  material,  out  of  all  proportion  to  the  candle 
power ;  whereas  candle  power  afibrds  an  excellent  measure 
of  the  light  to  be  used  in  a  reading-room. 

The  luminosity  of  the  blue  and  violet  rays  is  so  very 
small  that,  in  the  production  of  candle  power,  the  influence 
of  the  verj^  rapid  growth  of  this  end  of  the  spectrum  with 
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increasing  temperature  of  the  lamp  is  scarcely  appreciable. 
If  we  estimate  the  light-giving  value  of  the  different 
portions  of  the  spectrum  by  means  of  the  facility  with 
which  we  can  distinguish  black  characters  upon  a  white 
ground,  the  importance  of  the  more  refrangible  rays  Ls  still 
further  diminished.  Thus,  Mac^  de  Lepinay  and  Nicati 
have  shown  that,  if  yellow  and  blue  light,  estimated  to  be 
of  equal  brightness  by  photometric  means,  are  of  such 
intensity  that  one  can  clearly  distinguish  a  printed  page 
when  illuminated  by  the  yellow,  the  same  page  will  bo 
entirely  illegible  when  the  blue  light  alone  falls  upon  it. 
These  observers  conclude,  indeed,  that  "  the  mere  distin- 
guishing of  objects  is  due  almost  exclusively  to  the  illu- 
mination produced  by  the  less  refrangible  parts  of  the 
normal  spectrum ;  '*  so  that  at  equal  brilliancy  "  the 
superiority  of  yellow  sources  of  light  (luminous  gas  flame, 
incandescent  lamps,  &c.)  over  sources  richer  in  blue  rays 
(such  as  the  light  of  the  electric  arc)  is  incontestable.'' 
"  The  one  great  advantage,"  they  add,  "upon  the  side  of  the 
light  from  the  electric  arc  is  when  one  desires  to  rehabilitate 
objects  more  nearly  in  the  lines  which  they  present  in  the 
light  of  day."  This  single  advantage  is  one  of  which  it  is 
impossible  to  take  due  account  numerically  in  an  estimate 
of  the  efficiency  of  artificial  illumination.  It  is  never- 
theless a  most  important  factor  in  determining  the 
adaptability  of  a  light  to  nearly  all  the  purposes  of  every- 
day life. 

In  the  course  of  a  discussion  before  the  American 
Institute  of  Electrical  Engineers,  Professor  Nicholls  pointed 
out  that  if  we  have  three  incandescent  electric  lamps  of 
different  sizes,  but  each  subjected  to  such  a  current  as  is 
required  to  give  sixteen  candles  by  the  photometer — the 
largest  lamp  having  the  smallest  current,  and  the  smallest 
lamp  the  greatest  current — they  would  vary  in  total 
luminous  energy  and  in  total  light-giving  value  as  measured  ' 
by  their  luminasity. 

In  the  smallest  lamp  with  the  strongest  current  the  reel 
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rays  would  be  the  weakest,  and  the  blue  rays  would  be 
correspondingly  the  strongest.  If  we  know  the  state  of 
incandescence  and  the  temperature  of  the  radiating  surface, 
we  have  a  complete  definition  of  the  performance  of  a  lamp, 
and  we  can  then  express  exactly  what  it  will  do  for  any 
purpose  for  which  it  is  designed.  If  we  want  colours,  we 
use  it  at  a  high  incandescence.  If  we  want  the  greatest 
possible  reading  power,  we  shall  get  a  maximum  for  that 
purpose  at  a  low  temperature. 


18  Artificial  Light 


CHAPTER  I. 

ARTIFICIAL  LIGHT,  ITS  SOURCE  AND  MEASUREMENT. 

General  Gonsideraticma. — The  necessities  of  modem 
civilisation  having  to  so  large  an  extent  turned  night  into 
day  both  in  the  working  world  as  well  as  in  that  of  the 
world  of  pleasure  and  social  intercourse  when  the  day's 
work  is  done,  a  state  of  things  has  arisen  in  which  artificial 
illumination  holds  the  very  first  place,  as  without  it  the 
whole  scheme  of  present-day  society  would  at  once  fall  to 
the  ground.  It  is  therefore  with  no  hesitation  that  the 
author  proposes  to  deal  wuth  the  question  with  a  view  to 
placing  before  his  readers,  in  as  clear  and  succinct  a 
manner  as  the  subject  will  permit,  the  main  facts  relating 
to  the  production  and  use  of  artificial  illuminants. 

The  numerous  sources  of  artificial  illumination  now  at 
the  disposal  of  the  public,  both  for  indoor  as  well  as 
outdoor  illumination,  are  so  varied,  both  in  regard  to  their 
number,  quality,  and  source,  that  it  is  impossible  to 
adequately  describe  them  and  their  respective  qualities 
in  a  limited  compass.  Between  the  humble  tallow  candle  to 
the  intense  light  of  the  arc  lamp  there  is  a  wide  difference. 
Between  these  two  extremes  we  have  a  number  of  sources 
of  artificial  illumination  suitable  for  every  sort  and 
condition  of  circumstance  which  can  possibly  arise.  We 
can  well  understand  the  perplexity  of  the  inquirer  who 
attempts  for  the  first  time  to  ascertain  the  most  suitable 
degree  and  kind  of  illumination  for  any  particular  purpose. 
If  the  use  to  which  the  light  is  to  be  put  is  to  show  the 
colours  of  pictures  or  decorations,  he  will  prefer  a  different 
light  to  that  which  he  would  require  if  he  desired  merely 
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to  show  the  way  about  in  dark  weather,  whilst  for  the 
quiet  reader  a  subdued  j'et  sufficient  light  withal  will  be 
necessary. 

Li{iht  Sources. — ^Artificial  light  may  be  obtained  from 
candles  of  different  construction,  such  as  those  made  with 
tallow,  in  a  more  or  less  purified  condition ;  wax,  both  that 
from  the  beehive  and  that  from  the  paraffin  series  of  hydro- 
carbons, better  known  as  "  mineral  wax ;  '*  spermaceti,  &c. 
Proceeding  upwards  in  the  scale  from  these  there  are  the 
different  kinds  of  oils,  vegetable,  animal,  and  mineral,  viz.: — 
colza,  cotton-seed,  rape,  castor,  and  many  othera,  which  are 
all  suitable  for  the  purposes  of  illumination  under  conditions 
of  proper  combustion ;  sperm,  neatsfoot,  and  lard  oils,  &c.; 
whilst  under  the  head  of  mineral  oils  we  have  the  various 
petroleum  oils  known  as  petroleum,  paraffin,  kerosene,,  benzo- 
line,  shale  oil,  &c.  Next  in  order  to  these  are  the  gaseous  class 
of  illurainants,  foremost  of  which  stands  coal-gas ;  then  fi;ases 
produced  by  the  destructive  distillation  of  organic  bodies 
other  than  coal,  such  as  shale,  oil,  waste  organic  debris, 
&a;  the  action  of  superheated  steam  on  incandescent  carbon, 
forming  the  gaseous  product  known  as  water-gas ;  Acety- 
lene, &c  Next  we  have  the  various  forms  of  electric  light 
which,  in  the  opinion  of  many,  is  ultimately  destined  to 
displace  all  competitors  in  the  race  for  popular  favour. 
With  these  different  sources  of  illumination  it  is  possible  to 
obtain,  as  required,  light  varying  in  intensity  from 
a  fraction  of  a  standard  candle  to  many  thousand  such 
candles ;  and,  by  the  judicious  use  of  lenses,  to  throw  the 
rays  so  obtained  in  any  given  direction  with  an  intensity 
equal  to  many  millions  of  candles,  thus  forming  the  power- 
ful beam  of  the  lighthouse  or  that  of  the  search-light. 

This  consideration  naturally  leads  us  to  the  question  of 
the  means  of  ascertaining  the  power  of  any  light  which  it 
may  be  desired  to  employ.  The  process  by  which  the 
actual  intensity  of  any  given  light  is  ascertained  is  that 
known  as  photometry,  or  light  measurement.  No  matter 
whf^t  th^  source  of  light  may  be,  the  principles  involved  are 
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precisely  the  same,  and  it  will  be  as  well  to  clear  the 
ground  on  this  point  completely  before  proceeding  to  other 
considerations. 

Pfiotometry,  or  the  Measurement  of  Light:  Law  of  In- 
verse  Squares, — The  first  law  of  photometry  is  that  of 
inverse  squares.  Light  proceeds  from  a  given  radiant  in 
all  directions  in  straight  lines.  Consequently,  as  these  lines 
proceed  farther  from  the  starting  point,  they  separate  more 
and  more,  and  thus  a  less  intensity  of  light  impinges  upon 
a  given  point  the  more  remote  its  distance  may  be,  and 
this  reduction  is  in  inverse  ratio  to  the  square  of  the  dis- 
tance. The  following  diagram  will  help  the  student  to 
comprehend  this  fundamental  law. 

Let  it  be  assumed  that  the  four  diverging  lines  in  the 
following  (Fig.  1)  represent  the  rays  proceeding  from  a 
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light  placed  in  the  centre  of  a  hollow  sphere  having  a 
radius  of  one  foot.  At  that  distance  a  certain  number  of 
the  rays  enclosed  within  the  lines  will  illuminate  a  space  on 
the  interior  of  the  hollow  sphere.  If,  now,  the  shell  be 
removed  and  another  having  a  radius  of  2ft.  be  put  in  its 
place,  then  the  rays  which  were  concentrated  upon  the 
space  on  the  inner  surface  of  the  smaller  shell  will 
now  illuminate  a  surface  equal  to  four  times  that  size  on 
the  larger  shell,  and  therefore  the  intensity  per  unit  surface 
at  twice  the  distance  is  one-fourth,  or  inversely  to  the 
8C|uare  of  the  distance.  In  the  same  way,  if  still  larger 
shells,  or,  what  is   the    9ame   thing,  sections    of    shells^ 
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be  placed  in  position,  having  the  respective  radii  of  3ft. 
and  4ft.,  it  will  be  seen  that  the  same  rule  obtains. 
This  is  a  simple  point,  but  in  experimental  work,  away 
from  the  regulation  instruments,  it  is  absolutely  necessary 
to  clearly  comprehend  it. 

The  next  step  is  to  employ  some  means  of  estimating  the 
intensity  of  the  light  received  upon  a  given  surface.  This 
has  been  the  subject  of  very  numerous  expeiimenis  with 
the  view  of  ascertaining  the  best,  especially  as  the  advanca 
of  scientific  accuracy  accompanied  by  the  legal  necessities  in 
relation  to  the  infliction  of  penalties  for  failure  to  comply 
with  statutory  requirements,  has  drawn  the  line  of  demar- 
cation between  "  good  "  and  "  bad  "  closer  and  closer  until, 
at  the  present  time,  differences  in  the  estimation  of  a  light 
source  to  the  extent  of  only  a  fraction  of  a  percentage  will 
involve  legal  penalties. 

Comparison  of  tivo  Lights. — The  first  attempt  at  the 
measurement  of  the  degree  of  illumination  of  which  wo 
have  any  record  is  Marie's  obscuration  method,  in  which 
he  employed  successive  pieces  of  glass  until  he  extinguished 
the  rays  from  the  light  under  examination,  and  then  esti- 
mated the  intensity  of  the  light  by  the  number  of  pieces  of 
glass  required.  In  1735  Celsius  observed  the  distance  at 
which  small  objects  became  invisible.  Bouguer  twenty-five 
years  afterwards  employed  discs  of  tissue  paper,  which 
covered  circular  holes  in  an  upright  piece  of  pasteboard, 
which  had  a  second  upright  piece  at  right  angles  to  the 
first  to  shield  the  respective  paper  screens  from  the  opposed 
lights  which  were  placed  one  on  either  side  of  the  centre 
shield  at  various  distances  from  the  screen,  until  the  degree 
of  illumination  of  the  two  pieces  of  tissue  paper  was  equal, 
when  the  relative  intensities  of  the  light  were  calculated 
from  their  respective  distances  from  the  screen. 

Foucault's  method  is  practically  the  same,  but  the  two 
pieces  of  tissue  paper  are  replaced  by  glass  coated  with 
starch.  Regnault  used  stearine  in  place  of  the  starch.  As 
will  be  seen  later  on,  this  is  practically  the  same  photometer 
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as  that  now  being  used  for    testing    the    London  coal- 
gas  supply. 

Huyghens  used  a  tube  with  varying  apertures,  and  ob- 
served the  degree  of  illumination  of  the  interior  of  the  tube 
as  an  index.     In  1792  Count  Rumford  employed  a  rod  to 
throw  a  shadow  upon  a  screen,  and  compared  this  shadow 
with  a  similar  one  thrown  by  the  opposed  light.     Herschcl 
employed  the  surfaces  of  white  paper ;   whilst  Ritchie,  in 
1826,  noted  the  degree  of  illumination  of  two  surfaces  of 
white  paper  inclined  to  one  another  at  an  angle  of  45"*, 
a  method  which  has  been  usefully  adopted  by  various 
observers  since.     Wheatstone  made  use  of  a  small  bright 
ball  rapidly  rotating  round  a  disc.    The  two  sides  of  the  ball 
were  thus  illuminated  rapidly  in  succession,  and  formed  a 
brilliant  circle  of  light,  the  two  sides  of  which  were  of 
equal  brilliancy  when  the  instrument  was  held  in  a  position 
at  which  the  two  sources  of  light  under  comparison  afforded 
equal  illuminatioji.     In  1843  Bunscn  introduced  the  now 
all     but     generally    adopted    grease    spot     photometer. 
In    this    instrument    the    disc    of     paper    marked    with 
the  grease  spot  formed  one  side  of  a  box  in  which  was 
burning  a  small  gas  flame,  which  consequently  illuminated 
one  side  of  the  disc.    The  reverse  side  being  turned  to 
the  light  under  test,  the  distance  was  noted  at  which  equal 
illumination  of  the  two  sides  of  the  disc  was  obtained.    The 
position  of  the  1k)x  was  then  reversed,  so  as  to  face  the 
light  of  comparison,  and  the  observation  repeated.      The 
data  thus  obtained  were  then  employed  for  calculating  the 
value  of  one  light  in  terms  of  the  other. 

This  idea  was  elaborated  and  put  into  a  more  practical 
form  by  King,  who  arranged  the  greased  paper  disc  on  a 
travelling  carriage  carried  on  a  graduated  bar  placed  between 
the  two  lights  to  be  compared  This  was  the  forerunner  of 
the  photometers  so  generally  employed  at  the  present  time 
for  testing  the  horizontal  rays  emitted  from  gas  burners,  &c. 
The  alternative  to  the  grease  spot  of  Bunsen  is  that  of 
Leeson's  star  disc,  which  is  composed  of  three  pieces  of 
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paper,  the  centre  one  being  stout  paper  perforated  with  an 
aperture  in  the  form  of  a  star.  On  either  side  of  this  is  a 
piece  of  thin  tissue  paper  unperforated.  In  its  original 
form  the  arrangement  was  at  times  very  faulty  in  conse- 
quence of  the  buckling  of  the  papers,  with  the  result  that 
the  shadow  cast  by  the  thick  paper  on  one  or  both  of  the 
thin  papers  was  more  or  less  blurred  and  indistinct.  This 
was  remedied  by  the  writer  in  1880,  by  causing  the  three 
pieces  of  paper  to  adhere  together  by  means  of  rice-water, 
when  they  were  dried  under  pressure  in  order  to  obtain 
the  disc  perfectly  flat.  This  treatment  effectually  prevented 
the  separation  of  the  papers,  and  caused  the  image 
of  the  star  to  be  thrown  into  sharp  relief.  The  improve- 
ment thus  effected  was  so  marked  that  the  gas  referees  for 
the  metropolis  sanctioned  the  use  of  the  disc  for  official 
testings.  The  great  advantage  of  this  form  of  disc  over 
that  of  the  greased  paper  is  that  by  its  means  lights  of 
different  colour  can  be  readily  compared,  as  the  combined 
action  of  the  disc  in  casting  a  shadow  of  the  thick  piece  of 
paper  on  the  thin  piece  on  either  side  respectively,  combined 
with  the  comparison  of  the  illuminated  surfaces  on  either 
side  by  means  of  the  opposing  lights  under  test,  affords  all 
the  advantages  of  the  Rumford  shadow  method  with  that  of 
the  greased  paper  disc  of  Bunsen.  It  is  true  that  for  lights 
of  equal  colour  the  Bunsen  disc  is  to  be  preferred  in  rnost 
cases,  but  for  lights  of  totally  different  colour,  such  as  that 
of  a  gas  flame  when  used  as  a  standard  for  measuring  the 
intensity  of  the  arc  electric  light,  or  the  light  of  a 
Welsbach  incandescent  mantle,  the  advantage  of  the  star  disc 
is  very  great,  so  much  so,  in  fact,  that  in  certain  cases  it  is 
impossible  to  obtain  any  reliable  comparison  without  its 
use.  Various  other  suggestions  have  been  made  from  time 
to  time,  such  as  varying  the  angle  of  incidence  of  the  rays 
on  a  given  surface — photographic  methods,  polarisation, 
spectroscopic  methods,  &c.  Draper,  in  1843,  employed  as 
an  index  of  the  degree  of  luminous  energy  the  extent  to 
which   the  gases  hydrogen  and  chlorine  were  caused   to 
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combine  by  the  intensity  of  the  light  rays.  An  electrical 
method  was  employed  by  Becquerel  in  1851,  who  measured 
the  intensity  of  a  light  by  means  of  the  electrical  current 
generated  when  two  prepared  silver  plates  were  placed  in 
water  acidulated  with  sulphuric  acid  and  connected,  one  of 
the  plates  being  exposed  to  a  stronger  light  than  the  other. 
Siemens  and  Halske  proposed  to  utilise  the  fact  that  the 
electrical  resistance  of  selenium  is  diminished  by  the  action 
of  light.  Dr.  H.  Kruss,  of  Hamburg,  described  in  1888  an 
arrangement  of  prisms  by  Grosse,  in  which  the  method  of 
polarisation  was  employed,  and  in  which  the  mixing  of 
light  rays  of  different  colours  can  be  suitably  arranged, 
or  the  intensity  of  the  separated  rays  individually 
measured.  Professor  Joly  proposed  the  use  of  two 
rectangular  blocks  of  spermaceti  placed  side  by  side,  s(^ 
that  each  was  respectively  illuminated  by  one  of  the 
opposed  lights. 

As  the  use  of  the  greased  spot  of  Bunsen.  or  the  improved 
star  disc,  is  now  all  but  imiversal,  it  will  be  well  to  devote 
a  few  detailed  observations  with  regard  to  their  use. 

The  Bunsen  discs  generally  employed  in  England  are 
made  by  compressing  the  piece  of  paper  between  two 
circular  metal  plates  which  hold  it  firmly  in  the  centre. 
The  whole  is  now  revolved  at  a  high  speed,  and  whilst 
thus  rotating  the  portion  of  the  paper  uncovered  by  the 
metal  is  plunged  into  a  bath  of  spermaceti  or  wax  dissolved 
in  ether,  or  other  suitable  and  easily  evaporated  liquid. 
On  being  removed  from  this  bath  and  allowed  to  dry,  the 
paper  will  be  evenly  coated  on  the  outer  portion  with  wax, 
and  thus  rendered  translucent,  leaving  the  centre  portion 
opaque.  In  Germany  the  discs  are  made  of  thinner  paper, 
having  three  rectangular  grease  patches  in  the  centre. 

When  a  new  disc  is  first  used  it  should  be  carefully  tried 
to  make  sure  that  the  indications  on  both  sides  are  the 
same,  as  it  not  infrequently  happens  that  different  readings 
are  obtained  according  to  the  side  which  is  turned  to 
one  light  or  the  other.    If  the  indications  are  not  precisely 
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the  same  the  disc  should  be  rejected.  With  the  view  of 
facilitating  this  comparison,  the  author  arranged  the  disc 
carrier  on  his  radial  photometer,  hereafter  to  be  described, 
in  such  a  manner  that  it  could  be  readily  reversed  simultane- 
ously with  the  two  mirrors  which  are  employed  for  the 
purpose  of  enabling  the  observer  to  view  the  reflected 
images  of  the  two  sides  of  the  disc  at  the  same  time.  The 
proposal  to  mount  the  disc  in  a  reversing  frame  was  not 
new,  having  been  employed  by  King  and  McMinn  pre- 
viously ;  but  as  the  introduction  of  the  mirroi"s  by  Letheby 
led  to  another  source  of  error  in  consequence  of  the  possi- 
bility of  unequal  reflection,  it  was  necessary  to  guard  against 
this  as  well  as  the  errors  of  the  disc  itself.  For  this 
purpose  it  is  now  the  practice  to  take  two  sets  of  observa- 
tions, first  with  the  disc  and  mirrors  in  the  position  in 
which  they  may  happen  to  be  at  the  commencement  of  the 
test,  and  to  repeat  these  after  the  disc  has  been  rotated  on 
its  axis,  so  as  to  reverse  the  position  of  the  disc  in  regard  to 
the  lights  under  test.  The  mean  of  the  two  sets  of  obser- 
vations is  then  taken  to  represent  the  true  reading  of  the 
photometer. 

In  view  of  the  fact  that  the  disc  is  coated  with  a 
material  particularly  liable  to  collect  floating  particles 
of  matter  in  the  atmosphere,  it  is  desirable  that  the  disc 
should  be  carefully  covered  when  the  instrument  is  not  in 
use,  a  precaution  which  was  prescribed  by  the  authorities 
having  control  of  the  gas-testing  arrangements  in  the 
metropolis. 

Standards  of  Comparison. — So  far  we  have  dealt  only 
with  that  part  of  a  photometer  which  enables  the  power  of 
a  given  light  to  be  compared  with  that  of  another  which  is 
employed  as  a  standard.  We  have  now  to  consider 
the  various  methods  which  have  been  suggested  with  the 
view  of  obtaining  a  reliable  standard  of  definite  value 
which  shall  be  available  under  all  conditions,  and  by  means 
of  which  all  artificial  sources  of  illumination  may  be 
compared. 
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The  commercial  value  which  now  pertains  to  definite 
degrees  of  illumination  makes  such  a  standard  light 
a  necessity,  as  by  its  means  the  value  of  all  illuminants  can 
alone  be  ascertained.  All  coal  gas  and  electric  supplies  are, 
or  should  be,  subject  to  control  under  legal  restrictions,  and 
it  is  obvious  that  in  order  to  ascertain  the  quality  of  the 
supply,  a  simple  and  reliable  source  of  light  must  be  readily 
available  for  the  comparison. 

In  1760  Bouguer  proposed  the  use  of  candles  as  a 
standard,  but  he  did  not  define,  so  far  as  we  are  aware,  the 
kind  of  candle  to  be  employed. 

The  suggestion,  however,  was  not  barren,  as,  although 
numerous  substitutes  have  been  proposed,  candles  used 
tinder  defined  conditions  have  been  the  only  legal  standard 
of  light  in  England  up  to  the  present  time.  As  will  be  seen 
later  on,  the  writer's  Pentane  Argahd,  in  a  modified 
form,  is  now  being  introduced  for  legal  testings  of  the 
illuminating  power  of  the  London  gas  supply  by  agree- 
ment with  the  Qas  Companies,  but  outside  the  jurisdiction 
of  the  Metropolitan  Gas  Referees  it  has  no  legal  force. 

The  parliamentary  standard  of  light  is  the  sperm  candle, 
weighing  six  to  the  pound,  each  burning  sperm  at  the  rate 
of  120  grains  per  hour.  It  was  first  defined  in  the  Metro- 
polis Gas  Act,  1860.  As,  however,  it  is  almost  impossible 
to  obtain  an  exact  rate  of  consumption  equal  to  120  grains 
of  sperm  per  hour,  the  Gas  Referees  have  specified  that 
when  the  consumption  falls  short  of  114  grains  per  hour,  or 
rises  above  126  grains  per  hour,  the  candles  are  to  be  rejected. 

In  actual  work  the  rate  of  consumption  is  ascertained  from 
observations  of  the  time  required  to  consume  a  definite 
weight  of  sperm,  generally  40  grains,  which  should  be  con- 
sumed in  ten  minutes.  If  this  time  be  less  than  9  J  minutes 
or  more  than  lOJ  minutes,  the  rate  of  consumption  will  be 
outside  the  Referees'  limits,  and  the  test  must  be  repeated. 
The  weight  of  a  single  candle  should  be  1167  grains  nearly, 
but  this  varies  in  practice  by  about  20  grains.  The 
length   of  the   candle   is  about  8Jin.,  measured  from  the 
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shoulder.     The  diameter  at  the  shoulder  is  about  8-tenths 
of  an  inch  and  that  at  the  bottom  S^-tenths. 

By  the  kindness  of  Messrs.  Miller  and  Co.,  the  well-known 
makers  of  most  of  the  standard  candles  in  England,  the 
author  is  enabled  to  submit  the  following  definition*  of  what 
they  understood  to  be  a  "standard  candle,"  according  to  the 
Act  of  1860  :— 

"  We  think  that  there  can  be  no  doubt  that  at  the  time 
the  Act  was  passed,  a  sperm  candle  was  understood  to 
consist  exclusively  of  spermaceti  (the  product  of  the 
spermaceti  whale),  pure  white,  and  dry,  having  a  melting 
point  of  as  nearly  as  possible  109°  F.,  and  to  which 
was  added  just  so  much  air-bleached  beeswax,  having^  a 
melting  point  of  140°  F.,  as  would  suffice  to  break  the 
ci'ystals  of  the  spermaceti ;  the  rate  of  combustion,  fixed  at 
120  grains  an  hour,  being  secured  by  a  properly-proportioned 
cotton  plait  serving  as  the  wick.  With  regard  to  the  size 
of  the  candles  to  be  used,  we  have  never  attempted  to  make 
candles  which  should  individually  weigh  {^  lb.,  as  we  have 
understood  the  intention  of  the  Act  to  be  to  indicate  that 
the  candles  to  be  used  should  be  those  known  in  the  trade 
as  '  short  sixes,'  and  which  do  approximately  weigh  six  to 
the  pound." 

As  illustrating  the  variations  which  have  taken  place  in 
the  character  of  the  sperm  candle,  the  accompanying 
Plate  I.  will  be  of  interest.  This  shows  the  number  and 
tightness  of  the  plaiting  of  the  threads  in  the  respective 
wicks  at  difierent  dates.  The  figures  are  reproduced  from 
wicks  obtained  by  the  author  from  candles  in  his  possession. 
The  method  of  using  the  standard  candle  is  as  follows: — 
Select  a  candle  from  a  packet  of  standard  sperm  candles, 
and  see  that  it  is  straight,  and  the  wick  properly  in  the 
centre.  Cut  off  the  sloping  top  of  the  candle  just  at  the 
shoulder,  and  then  carefully  divide  the  candle  into  two 
portions  of  equal  length  by  cutting  it  thiough  at  the 
middle.    The  two  ends  which  have  just  been  formed  by 

*  Vide  <  Practical  Photometry,"  by  the  Author. 
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the  cut  must  be  trimmed  by  removing  a  portion  of  the 
sperm  from  the  wick,  which  will  be  exposed.    Thus  (Fig.  2) : 

The  two  new  wicks  are  then  lighted,        . 
and    the    two  candles    mpunted  in    a        a  . 
candle-holder  suspended  from  a  balance.       l\ 
When  the  candles  have  burnt  for  ten 
minutes  they  are  to  be  turned  round  in 
such  a  manner  that   the   plane  of   the 
curvature  of  one  wick  Ls  to  be  perpen- 
dicular to  the  plane  of  the  curvature  of 
the  other  wick  (Fig.  3).     Thus : — 


0  0 


Fig.  3. 
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Fig.  2. 


The  object  of  this  regulation  is  to 
ensure  that  the  mean  position  of  the  two 
flames  shall  coincide  with  the  terminal 
point  of  the  photometer  bar,  whatever 
the  position  of  the  wicks  may  be. 
Objection  had  been  raised  to  the  practice  of  some 
photometrists  in  setting  the  candles  in  such  a  position 
that  the  edge  of  the  flame  was  presented  to  the  photometer 
instead  of  the  side  of  the  flame,  with  the  result  that,  as 
pointed  out  by  the  writer  in  connection  with  his  researches 
with  the  radial  photometer,  the  volume  of  light  emitted 
from  the  edge  of  the  flame  being  less  in  proportion  to  that 
from  the  flat  of  the  flame,  the  value  of  the  standard  candle 
light  was  vitiated,  and  the  apparent  value  of  the  flame  to 
be  measured  proportionately  increased.  The  regulation 
referred  to  above  was  made  on  the  suggestion  of  the  late 
Mr.  J.  Methven,  who  gave  the  following  reasons  for  it  in 
a  paper  read  by  him  before  the  Southern  District  Associa- 
tion of  Oas  Engineers  and  Manager  on  November  14th, 
1889:— 


ExperimenU  on  tJhe  Valtu  of  the  Light  of  Candle  Flamee. — In 
making  the  following  experiments,  the  light  value  of  the  flame  of  the 
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candle  wu  fonnd  to  depend  on  the  position  its  wick  held  with  regard 
to  the  disc.    It  muat  be  observed  that  o&ndle  flames,  like  Somes  from 


fish-tail  bnmen,  possese  a  flat  side  and  an  end,  which,  I  think, 
diawing  No,  4    will  f^ly    represent.    The  centres    of  the  flwnea 
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occupied  one  terminal  of  ihe  photometer ;  and  the  candles  were  mov- 
able, so  as  to  place  their  wicks  in  the  required  direction.  A  Methven 
screen  and  disc-box  occupied  the  other  terminal,  provided  with  a 
supply  of  gas  of  constant  quality ;  but  as  the  screen  value  was  rather 
greater  than  two  standard  candles,  the  mean  lighting  value  of  the 

candles  appearing  low  must  be 
attributed  to  this  cause.  The 
following  figures  are  the  mean 
results  of  a  number  of  candles. 
Two  distinct  candles  were  used  on 
each  occasion: — 

Light  Value 
of  Candle 
Position.  Flames  in 

Sfcandard 
Candles. 

A.  Plane  of  onnratore  of 
both  wioks  parallel  to 
plane  of  diso     1*999 

B.  Plane  of  cnrvature  of 
both  wicks  at  right 
angles  to  plane  of  diso 
and  bent  away  from 
disc      1*957 

C.  Plane  of  onnratore  of 
both  wicks  at  right 
angles  to  plane  of  diso 
and  bent  towards  the 


disc 


■  ■  •        •  » • 
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Taking  the  mean  light  value  of 
the  two  candles  from  these  results 
as  1*972  candles,  the  position  A 
gives  a  result  1*37  per  cent,  above 
the  mean;  position  B,  0*76  per 
cent,  below  the  mean;  whilst 
position  C  gives  1*97  per  cent, 
below  the  mean.  It  is  evident, 
therefore,  that  the  position  in 
which  the  wicks  of  the  candles  are 
placed  (although  the  centres  of 
their  flames  may,  by  means  of 
an  adjustable  candle  balance, 
occupy  the  terminal  of  the  photometer)  must  cause  a  difference  in 
the  results  of  the  testing.  The  Referees  in  their  "  Instructions  "  state 
that  "  the  candles  are  to  be  so  placed  that  the  plane  of  the  curvature 
of  one  wick  shall  be  perpendicular  to  the  plane  of  curvature  of  the 
other  wick."  There  are  several  positions  shown  on  Fig.  5, 
iu  whiQh  the  wicks  of  the  oandles  may  be  placed  90  e^s  to  comply  with 
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Fig.  5. 

Diagram  showing  the  various  positions 
for  placing  tho  Wicks  of  Candles— all 
complying  with  tho  "  Instinictions " 
of  tho  Gas  Referee;.*). 
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these  "  Instructions " ;  but  there  is  only  one  position  in  which  they 
can  be  placed  so  that  theii  mean  lighting  value  should  be  eiqtosed  ts 
the  disc,  and  that  positioa  is  marked  S  on  the  diagriLm. 

Tins  alteration  of  positioa  of  the  candle  wicks  is  of  great  importance 
in  the  Evans  photometer,  where  the  index  on  the  scale  represents  the 
centre    of   the    candle.     Fig.  6    represents    graphically    the    error 
Ukely  to  arise  from  this  cause.    In  the  same  maimer,  the  value  of 
the  candle  flame  was  determined,  as  above  mentioned.    The  value  of 
the  light  of  the  candle  flame  was 
observed  when  the  centre  of  the 
candle  occupied  the  position  of  the 
terminal  of  the  photometer,  corre- 
sponding to  the  manner  in  which  it 
is  used  in  the  Evans  photometer. 
With  the  wicks  tnmed  from  the 
disc,  the  light  value  for  210  grains 
of  sperm  consumed  by  the  candles 
was  found   to  be  1'953  candles; 
with  the  wicks  turned  towards  the 
disc,   the    light  value  was    2'0S2 
candles.    This  amounts  to  a  differ- 
ence of  4  per  cent.;  and  the  re- 
turned results  of  the  testing  will,  of 
coarse,  vary  to  that  extent  against 
the  gas  when  the  wicks  are  facing 
the  disc,  and  in  favour  of  the  gas 
when  tnmed  in  the  opposite  direc-  '    | ; 

tion.    The  difference  on  the  dia-  \  1 1 

gram  is  represented  as  being  8*6  fi; 

per  cent. — a  result  fairly  agreeing 
with  the  photometrioal  results. 
The  "Instructions"  of  the  Referees 
provide  for  nearly  one-half  of  this 
posuble  error;  but  to  make  them 
complete   the    position  shown  i 


Fr^e. 

-Pholomclera  with  Fixed 
CandlB  Holdert. 

BhorlCT 

hnwidg  thopowlMe  error  diw 
Iterod  posllfDn  ol  IhB  (Budio 

ncTBHod  ou  Fhotomctcni  with 
1»n>,    uid    uninvTidod   mth 

Fig.  5  (No.  5)  should  be  adhered 
to.    If  candles  were  used  in  photo- 
meters    in     this     position,     the 
variations  in  photometrioal  results         "ijn.uiuiu  iau.u.i.  i^uan^^n. 
which  have  hitherto  been  ascribed  to  candles  would  to  a  great  extent 
be  removed. 

The  candles  must  be  allowed  to  kirn  until  the  "  cupa  are 
fairly  dry,"  i.e.,  free  from  melted  sperm,  the  wicks  properly 
curved  and  their  ends  glowing  with  a  clean  red  heat. 
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In  Schedule  A,  Part  2,  of  the  Gasworks  Clauses  Act,  1871, 
it  is  stated  that  "  the  candles  are  to  be  lighted  at  least  ten 
minutes  before  beginning  each  testing,  so  as  to  arrive  at 
their  normal  rate  of  burning,  which  is  shown  when  the  wick 
is  slightly  bent,  and  the  tip  glowing." 

The  candles,  suspended  on  the  candle  balance,  are  then 
counterpoised  until  their  weight  is  a  few  grains  heavier 
than  the  counterpoise.  A  stopwatch  or  dock  must  be  at 
hand,  hj  means  of  which  the  time  observation  is  to  be 
made.  As  the  candles  bum  they  become  lighter ;  at  the 
moment  they  become  equal,  or  nearly  so,  to  the  counter- 
poise, the  end  of  the  beam  of  the  balance  to  which  they 
are  suspended  will  rise.  As  the  indicator  of  the  balance 
passes  the  zero  mark  the  stopwatch  or  clock  is  started  and 
the  test  commences.  A  forty-grain  weight  is  then  carefully 
dropped  into  the  pan  provided  for  the  purpose  under  the 
candles,  when  their  end  of  the  balance  beam  will  again 
descend,  thus  bringing  the  candle  holder  to  rest.  The 
readings  of  the  photometer  are  then  taken  at  intervals  of  a 
minute  during  the  succeeding  9|  minutes,  at  the  expiration 
of  which  time  the  balance  must  be  again  carefully  observed. 
Ab  soon  as  a  quantity  of  sperm  equal  to  forty  grains  in 
weight  has  been  consumed,  the  candle  end  of  the  balance 
will  again  rise,  when,  as  the  indicator  again  passes  the  zero 
mark,  the  clock  is  stopped,  and  the  precise  time,  in  minutes 
and  seconds,  which  has  been  occupied  by  the  burning  of 
the  forty  grains  of  sperm  noted. 

The  correction  for  the  consumption  of  sperm  is  then 
made  by  a  "  rule-of-three  "  sum,  thus,  if  forty  grains  of 
sperm  were  consumed  in  10  min.  17  sec,  we  have : — 

10  min.  17  sec.  or  617  sec.  :  40  :  :  600  :  ic  =  38-9. 
For  convenience  in  practice  a  table  is  generally  kept  handy 
for  reference.     {See  Appendix,) 

It  is  assumed  that  the  light  intensity  varies  in  the  ratio 
of  the  spenn  consumed,  and  the  actual  rate  of  consumption 
having  been  thus  ascertained,  the  measured  intensity  of  the 
opposed  light  under  test  must  be  corrected  accordingly. 
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As  two  candles  were  employed  in  the  operation,  the  result 
must  be  multiplied  by  two.  Thus:  the  readings  on  the 
photometer  bar  being  fii-st  multiplied  by  two,  must  then  be 
corrected  in  the  ratio  of  the  sperm  consumed  by  the 
candles^  i.6.,  if  the  sperm  consumed  was,  as  above,  38*9 
grains  in  ten  minutes  instead  of  40  grains,  the  candles  were 
giving  too  little  light,  and  the  apparent  value  of  the  light 
under  test  would  be  too  high,  therefore  it  must  be  corrected 

in  the  ratio  of 

.lA     oQ.a        observed     corrected 
40  :  38'9  :  ;        ^i ,        :         i 

value.  value. 

As  will  be  seen  later  on,  this  tedious  method  is  now  being 
displaced  by  the  more  exact  and  simple  method  introduced 
by  the  author  in  connection  with  the  Pentane  Argand 
standard,  by  means  of  which  all  these  corrections,  &c.,  are 
done  away  with,  and  readings  can  be  taken  on  the  photo- 
meter bar  direct,  and  require  no  correction  so  far  as  the 
standard  of  light  is  concerned. 

The  French  standiird  is  the  Carcel  lamp,  in  which  refined 
colza  oil  is  consumed  at  the  rate  of  42  grammes  per  hour. 
This  was  introduced  in  1800,  and  is  the  legal  standard  in 
that  country  at  the  present  time,  having  held  its  own 
against  all  competitors.  The  value  of  this  standard  is  equal 
to  9*5  of  our  parliamentary  standard  sperm  candles.  The 
wick  of  the  Carcel  lamp,  so  named  after  its  inventor,  is 
annular,  as  first  devised  by  Argand.  The  oil  is  forced  up 
from  the  reservoir  in  the  body  of  the  lamp  by  means  of  a 
small  pump  actuated  by  clockwork.  The  following  instruc- 
tions for  its  use  are  those  of  M.  Monnier,  who  gives  them 
in  his  "  Etude  sur  les  Etalons  Photom^triques  " : — 

"  The  conditions  to  be  observed  when  testing  with  the 
Carcel  lamp  are  by  no  means  definite,  as  each  lamp  must 
first  be  tested  before  being  used  as  a  photometric  standard. 
The  rule,  however,  is  that  the  height  of  the  wick  and 
chimney  must  first  be  arranged  so  that  the  consumption 
of  the  oil  is  within  the  range  of  38  and  46  grammes 
of  oil  per  hour ;  but  for  exact  experiments  it  is  preferable 
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to  restrict  these  limits,  and  nmintain  the  consumption 
between  40  and  4^  grammes  per  hour.  The  light  given  by 
the  lamp  is  corrected  on  the  assumption  that  42  grammes 
of  oil  per  hour  equals  one  '  Carcel/  " 

Experiments  by  MM.  Audouin  and  Berard  show, 
firstly,  that  an  increase  in  the  height  of  the  wick 
up  to  10  mm.  augments  the  consumption  of  the 
oil  as  well  as  the  intensity  of  the  light ;  and  that  beyond 
that  point  both  the  consumption  of  oil  and  the  intensity  of 
the  light  diminish.  Secondly,  that  the  elevation  of  the 
constricted  portion  of  the  chimney  tends  to  augment  the 
consumption  of  the  oil  in  increasing  ratio ;  but  that  there 
is  a  point  where,  although  the  consumption  continues  to 
increase,  the  intensity  diminishes.  Consequently,  there  is 
a  height  of  the  glass  chimney  which  corresponds  to  the 
maximum  illuminating  power  of  the  lamp. 

For  each  experiment  a  new  wick  is  necessary,  which 
must  be  cut  level  with  the  wick  holder.  The  lamp,  replen- 
ished with  oil  up  to  the  level  of  the  gallery,  must  be 
allowed  to  burn  for  half  an  hour  before  commencing  the 
experiment. 

The  height  of  the  wick  must  be  from  8  mm.  to  10  mm., 
and  the  shoulder  of  the  glass  about  7  mm.  above  the  wick, 
and  that  of  the  flame  about  30  mm.  The  calculations  for 
correction  of  the  light  from  the  observed  consumption  of 
oil  are  facilitated  by  the  use  of  a  table  given  in  the 
appendix. 

In  1808  Murdoch  used  a  standard  tallow  candle  weighing 
six  to  the  pound,  and  burning  at  the  rate  of  175  grains  per 
hour. 

In  1824  Ritchie  introduced  wax  candles. 

In  1863  Zincken  suggested  paraffin  candles,  which  he 
burnt  at  the  rate  of  11.V2  graias  per  hour.  These  are  now 
employed  as  the  German  standard,  having  been  adopted  by 
the  German  Association  of  the  Gas  and  Water  Profession  in 
1»S72,  when  they  were  defined  as  follows : — "  The  paraffin 
candles  m^^de  for  the  Association  under  the  supervision  of 
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a  Special  Committee,  are  issued  by  the  manager  at  cost 
price.  Ten  candles  weigh  500  grammes.  Each  candle  has 
a  true  cylindrical  form  and  a  diameter  of  20  mm.,  and  is 
made  of  the  purest  possible  paraffin,  with  an  addition  of 
2  per  cent,  of  stearine.  The  point  of  solidification  is  55°  C. 
The  wick  is  plaited  of  24  cotton  threads,  as  uniformly  as 
possible.  One  metre  of  wick,  in  a  dry  condition,  weighs 
0*688  grammes.  A  red  thread  in  the  wick  distinguishes 
the  Association  candle  from  others. 

The  flame  of  the  candle  when  used  for  photometric  tests 
should  have  a  height  of  50  mm.,  measured  from  the  com- 
mencement of  the  llamc  at  the  wick  to  the  point.  To 
obtain  this  height  the  lighted  candle  should  be  allowed  to 
burn  quietly  until  an  even  cup  of  liquid  paraffin  is  formed. 
By  carefully  snuffing  the  wick,  if  necessary,  the  flame  is  to 
be  brought  to  the  height  of  50  mm.,  and  maintained  thereat. 
In  this  condition  the  consumption  of  paraffin  amounts  to 
7*7  grammes  per  hour. 

The  most  suitable  temperature  of  the  room  in  which  the 
photometric  measurements  are  made  is  that  of  14°  Reaumur 
=  (17-5°  C.)  =  63-5°  F. 

In  1865  Fiddes  proposed  the  use  of  an  Argand  gas 
flame  surrounded  by  an  opaque  chimney  having  an 
aperture  of  Jin.  in  diameter  at  about  the  middle  of  the 
flame. 

In  1868  Croukes  constructed  a  lamp  fitted  with  a  platinum 
wick,  with  which  he  burnt  a  mixture  of  alcohol  and  benzol. 

In  1867  Bowditch  proposed  the  use  of  a  carbonic  oxide 
flame  rendered  luminous  by  the  vapour  of  pure  naphtha- 
lene. 

In  1869  Keates  proposed  his  original  pattern  of  a 
moderator  lamp  burning  sperm  oil.  This  was  adjusted  to 
a  value  of  ten  candles,  but  was  afterwards  modified  by 
Sugg  so  as  to  give  a  light  equal  to  sixteen  candles  when 
burning  the  oil  at  the  rate  of  925  grains  per  hour. 

In  1874  Von  Wartha  suggested  a  flame  obtained  by  the 
burning  of  ether, 
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In  1877  A.  G.  Vcmon  Harcourt  devised  the  1-candle 
pentane  lamp,  in  which  a  mixture  of  air  and  the  vapour  of 
pentane  was  coasumed  at  a  given  rate.  The  following 
description  is  taken  from  Mr.  Harcourt's  paper,  read  before 
the  Physical  and  Chemical  Sections  of  the  British  Associa- 
tion at  Plymouth  in  1877 : — 

For  the  standard  combustible,  I  employ  a  mixture  of  air  with  that 
portion  of  American  petroleum  which,  after  repeated  rectification, 
distils  at  a  temperature  not  exceeding  50°  G.  This  liquid  consists 
almost  entirely  of  pentane,  the  fifth  member  of  the  series  of  paraffins. 
I  have  made  three  or  four  analyses  of  the  liquid,  which,  though  they 
scarcely  distinguish  between  pentane  and  the  adjoining  hydro-carbons 
of  the  same  series — ^the  proportion  of  carbon  to  hydrogen  being  in 
pentane,  carbon  88*8,  hydrogen  16*7;  and  in  hexane,  carbon  88*7, 
hydrogen  16*8— would  reveal  the  presence  of  small  quantities  of 
hydro-carbons  richer  in  carbon.  I  have  also  determined  the  vapour 
density  of  the  liquid.  The  density  of  gaseous  pentane  compared  with 
hydrogen  is  86 ;  that  of  hexane  48.  I  find  the  vapour  density  of  the 
liquid,  d:s  illed  twice  below  50^  C,  to  be  87.  The  lighter  portions  of 
purified  American  petroleums  have  been  carefully  examined  by 
Bonalds,  Gabours,  Warren,  Schorlemmer,  and  other  chemists,  and 
have  been  found  to  consist  of  the  following  hydro-carbons : — ^Tetrane, 
boiling  between  4  and  0,  and  having  a  specific  gravity  of  0*6°  at  0°  G.; 
two  isomeric  pentanes,  one  boiling  at  80°  and  the  other  at  87°,  and 
having  at  17°  a  spedfic  gravity  of  0*626  (Schorlemmer),  0*628 
(Gahours),  the  proportion  of  which  appears  to  vary,  since  the  hydro- 
carbon separated  by  Gahours  boiled  at  80°,  while  Schorlemmer  states 
that  the  pentane  in  the  samples  examined  by  him  consisted  almost 
whoUy  of  the  variety  boiling  between  87°  and  89°;  hexane,  which 
boils  at  68°  G.,  and  has  a  specific  gravity  at  16°  G.,  of  0*669.  The 
liquid  I  use  has  a  specific  gravity  which  has  only  varied  in  different 
samples  between  0*6298  and  0*68,  except  in  one  case,  in  which, 
probably  owing  to  the  temperature  of  distillation  having  been  allowed 
to  rise  too  high,  it  was  0*681.  It  would  not  be  difficult  by  rectifying 
at  40°  to  obtain  almost  absolutely  pure  pentane.  But  I  do  not  think 
it  necessary  to  limit  the  distillation  to  this  temperature,  because  the 
yield  at  50°  is  rather  larger,  and  it  seems  hardly  possible  that  the 
admixture  of  a  small  and  nearly  constant  proportion  of  a  substance  so 
little  different  as  hexane  can  affect  the  quality  of  the  liquid  as  a  com- 
bustible. Also  I  find,  having  distilled  ten  or  twelve  samples  of  the 
liquid,  using  about  three  litres  each  time,  that  I  get  a  constant  specific 
gravity.* 

*  Letter  from  Mr.  Vernon  Harcourt  to  the  Board  of  Trade  Committee 
oil  Photometric  ^tapdards  in  1861, 
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Air-gas  is  prepared  from  this  pentane  in  the  following 
manner: — 

"  By  allowing  a  measured  volume  of  this  liquid  to  diffuse 
into  and  mix  with  a  measured  volume  of  air  in  the  propor- 
tion of  three  cubic  inches  of  the  liquid  to  every  cubic  foot 
of  air  under  an  atmospheric  pressure  of  30in.  of  mercury, 
and  at  the  temperature  of  60''  F.,  a  standard  air-gas  may  be 
prepared  in  any  required  quantity. 

"A  small  gasholder  is  employed  for  the  mixture  of  the  pen- 
tane and  air.  When  three  cubic  feet  of  air  and  nine  cubic 
inches  of  light  petroleum  are  used,  the  total  volume  of 
standard  air-gas  formed  is  4*05  cubic  feet.  The  observa- 
tion of  this  volume  serves  as  a  check  on  the  preparation  of 
the  standard  air-gas.  Allowing  a  man^in  of  1  per  cent,  each 
way  for  small  errors  in  measuring  and  making  the  gas,  and 
for  variations  in  the  vapour  density  of  the  rectified  petroleum, 
I  would  propose,  in  defining  the  standard  air-gas,  to  require 
that  the  volume  produced  from  three  cubic  feet  of  air  and 
nine  cubic  inches  of  petroleum  (specific  gravity  0*628 — 0*631) 
shall  not  be  less  than  4*01  nor  more  that  4*09  cubic  feet.  The 
gas  thus  prepared  is  subjected  to  a  further  control  by  the 
requirement  that  its  rate  of  burning  from  a  Jin.  orifice  to 
produce  a  24in.  flame  must  not  be  less  than  0*48  nor  more 
than  0'52  cubic  foot  per  hour." 

This  suggestion  of  Mr.  Harcourt's  was  recommended  for 
adoption  as  the  legal  standard  by  the  Board  of  Trade  Com» 
mittee  on  Photometric  Standards  in  1881,  by  the  Control- 
ling Authority  under  the  Acts  relating  to  the  testing  of  the 
gas  in  the  metropolis,  and  by  the  Standards  of  Light  Com- 
mittee of  the  British  Association ;  but  the  Board  of  Trade 
Committee,  appointed  in  1891,  to  inquire  into  and  report 
upon  the  subject  of  the  standards  to  be  used  for  testing  the 
illuminating  power  of  coal  gas,  did  not  adopt  that  view, 
as  will  be  seen  later  on. 

In  1878  Methven  proposed  his  slotted  screen.  This  was 
a  modification  of  Fiddes'  Aperture,  which  Methven  now 
made   rectangular   instead   of   circular.     In    the  original 
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form  of  the  appliance  he  used  plain  coal  gas ;  but  subse- 
quently he  enriched  the  gas  with  the  vapour  of  pentane, 
and  reduced  the  size  of  the  slot  through  which  the  light 
passed  to  the  photometer  disc.  In  both  these  forms  the 
proposal  met  with  much  favour.  Shortly  afterwards  Sugg 
put  forward  an  instrument  which  had  for  some  time 
previous  been  in  daily  use  in  his  business  for  testing  the 
illuminating  power  of  burners,  viz.,  the  "  ten-candle  test." 
In  this  arrangement  the  top  of  a  small  Argand  flame  is  cut 
off  by  a  screen  in  the  manner  described  by  the  waiter  in  the 
course  of  a  discussion  at  the  Society  of  Arts  in  1882,  as 
having  been  employed  by  him  for  the  purpose  of  obtaining 
a  steady  light  when  standardising  the  "  Keats  lamp."  The 
light  from  the  bulk  of  the  flame  is  employed,  including  the 
"  blue,"  or  lower  portion,  whereas  Methven  and  Fiddes  em- 
ployed only  a  small  portion  of  the  brightest  part  of  the 
centre  of  the  flame. 

In  July,  1884,  the  writer  was  instructed  by  the 
Special  Pui  poses  and  Sanitary  Committee  of  the 
late  Metropolitan  Board  of  Works  to  cany  out  a 
systematic  scries  of  tests  with  the  view  of  ascer- 
taining the  mast  suitable  substitute  for  the  standard 
sperm  candle.  In  the  course  of  these  investigations  he 
found  that  by  modifying  the  construction  of  the  "  ten- 
candle  test "  so  as  to  enable  it  to  burn  a  mixture  of  pentane 
and  air,  a  far  more  reliable  standard  was  obtainable  than 
by  any  one  of  the  other  systems  proposed.  Tlie  necessary 
alterations  were  therefore  made  by  Mr.  Sugg,  and  the 
burner  was  mounted  on  a  carburetter,  such  as  that  used  by 
Methven  for  carburetting  the  coal  gas  supplied  to  his 
modified  form  of  slot  ao  mentioned  above,  but  instead  of 
gas  being  supplied  to  the  burner,  atmospheric  air  was  sent 
directly  over  the  pentane  in  the  carburetter,  with 
the  result  that  an  air-gas  was  produced,  which,  when 
burnt  in  the  burner  at  a  definite  height  of  flame,  gave  a 
standard  far  sui*passing  all  others  both  in  accuracy  and  ease 
of  manipulation  (Fig.  7). 
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This  proposal  was  accordingly  examined  by  tlie  Board  of 
Trade  Committee  appointed  in  December,  1891,  who 
reported  in  March,  1895,  as  follows  : — 

**  (5)  We  find  that  the  one-candle  light  flame,  as  proposed  by  Mr. 
Harcoort  as  giving  a  standard  light,  and  commonly  known  as  the 
'Harcourt  pcntane  air-gas  flame,'  when  used  under  the  conditions 
defined,  does  constitute  a  very  exact  standard,  capable  of  being  repro- 
duced at  any  time  without  variation  of  illuminative  value." 

**  (6)  We  have  satisfied  ourselves  that  the  light  given  by  Mr.  Har- 
conrt*s  above-mentioned  pentane  air-gas  flame,  as  defined  in  respect 
to  the  conditions  of  its  production  in  the  Appendix  (Section  111),  is 
a  true  representative  of  the  average  light  furnished  by  the  sperm 
candle  flame  constituting  the  present  standard.  Since  1879,  when 
the  pentane  air-gas  flame  was  first  introduced,  many  series  of 
experiments  have  been  made  by  diflerent  observers,  in  which  the 
light  of  the  proposed  standard  has  been  compared  with  the  light  of 
the  standard  sperm-candle  flame,  with  the  result  that  in  those  series 
of  experiments  in  which  the  height  of  the  pentane  air-gas  flame  was 
adjusted  strictly  according  to  the  directions  given  in  the  Appendix, 
the  light  afforded  by  this  flame  was  found  to  agree  exactly  with  the 
mean  result  afforded  by  the  standard  flame.  In  other  series  of 
experiments,  indeed,  in  which  a  slight  variation  was  made  in  the 
mode  of  adjusting  the  height  of  the  pentane  air-gas  flame,  some 
discrepancies  in  the  direct  results  furnished  by  the  comparison  of  its 
light  with  that  of  the  standard  candle  flame  were  observed ;  but  in 
these  several  series  of  experiments  also,  when  the  necessary  correc- 
tion called  for  by  the  difference  in  the  mode  of  adjustment  resorted 
to  was  made,  the  light  of  the  pentane  air-gas  flame  was  found  to 
accord  closely  with  the  mean  result  afforded  by  the  standard  flame.'* 

"  (7)  Inasmuch,  however,  as  there  is  a  practical  advantage  in 
comparing  directly  the  light  of  such  a  coal-gas  flame  as  is  usually 
tested — being,  that  is,  of  about  a  16-candle  light  value — with  a  light 
approximating  somewhat  in  value  thereto,  we  have  further  submitted 
to  careful  examination  the  flame  of  the  10-candle  light  pentane 
Argand  proposed  as  a  standard  by  Mr.  W.  J.  Dibdin  in  1886.  This 
flame  is  produced  by  burning  a  mixture  of  air  and  pentane  vapour 
from  a  suitable  Argand  burner,  provided  with  an  opaque  screen,  by 
which  the  light  from  the  upper  portion  of  the  flame  is  cut  off.  The 
screen  being  set  at  a  definite  height,  it  was  found  by  Mr.  Dibdin  that, 
owing  to  a  compensating  action  affecting  the  lower  or  exposed 
portion  of  the  flame,  the  luminosity  of  this  portion  of  the  flame 
remains  constant  even  under  considerable  variations,  whether  in  the 
total  height  of  the  flame  or  in  the  proportion  of  the  pentane  vapour 
to  air  in  the  mixture  burnt.  With  a  view  to  simplify  the  construc- 
tion of  the  Argand  burner  furnishing  a  cut-off  flame  of  this  constant 
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luminosity,  we  have  tried  various  changes  in  the  form  of  the  cone 
and  in  the  division  of  the  air  supply  to  the  flame,  but  in  every  case 
we  have  found  the  original  burner,  as  supplied  by  Mr.  Sugg  for  the 
purpose,  to  give  more  satisfactory  results  than  the  modified  forms.*' 

"(8)  The  amount  of  light  emitted  by  the  portion  of  the  Dibdin 
Argand  pentane-air  flame  that  is  used  in  photometry,  being 
dependent  on  the  distance  above  the  steatite  ring  of  a  screen  by 
which  the  upper  part  of  a  flame  is  cut  off,  we  have  come  to  the  con- 
clusion that  when  the  bottom  of  the  screen  is  fixed  at  a  height  of 
2'15in.  (54*6  mm.)  above  the  top  of  the  steatite  ring,  the  amount  of 
light  emitted  by  the  lower  portion  of  the  flame  is  substantially  equal 
to  ten  times  the  average  light  of  a  standard  sperm  candle  flame,  or 
to  ten  times  the  light  of  Mr.  Haroourt's  one-candle  light  pentane-air 
gas  flame." 

"  (9)  We  have  further  satisfied  ourselves  that  any  number  of 
Dibdin  Argand  burners  may  be  produced,  having  the  form  and 
dimensions  set  forth  in  the  Appendix  (Section  IX.),  and  that  these 
several  burners,  when  used  in  the  manner  there  defined,  may  be 
depended  upon  to  furnish  a  flame  giving,  when  duly  screened  at  the 
top,  ten  times  the  average  amount  of  light  given  by  an  average 
sperm  candle.** 

"(10)  We  therefore  recommend  that  the  pentane-air  flame  fur- 
nished by  a  Dibdin  Argand  burner,  having  the  form  and  dimensions 
set  forth  in  the  Appendix  (Section  IX.),  and  used  in  the  manner  there 
defined,  be  accepted  as  giving  the  light  of  ten  standard  candles,  and 
that  this  flame  be  authorised  and  prescribed  for  official  use  in  testing 
the  illuminating  power  of  the  gas  supplied  by  the  London  gas  com- 
panies." 

"  (11>  We  further  recommend  that  sealed  specimens  of  the  burner, 
the  carburetter,  and  the  pentane  for  use  therewith,  duly  certified 
by  the  Qas  Beferees,  be  deposited  with  the  Board  of  Trade,  and  also 
in  such  places  and  in  the  care  of  such  persons  as  the  Board  of 
Trade  may  direct,  to  be  available  for  the  purpose  of  comparison,  in 
the  event  of  any  question  arising  as  to  whether  the  pentane-air  flame 
of  some  particular  burner  does  or  does  not  aflbrd  the  same  amount 
of  light  as  that  now  proposed  for  adoption  as  a  standard.*' 

"  (12)  With  a  view  to  maMng  some  provision  for  future  possible 
Improvements  and  requirements,  we  further  recommend  that  the 
Gas  Beferees  be  authorised,  should  they  at  any  time  see  fit,  to 
approve  and  certify  for  use  in  gas  testing  any  other  flame  based  upon 
the  10-candle  standard  defined  above,  which  they  may  consider 
suitable  for  the  purpose,  whether  produced  in  a  like  or  unlike  way, 
and  whether  having  the  same  or  a  different  multiple  value ;  such 
other  flame,  however,  not  to  be  used  for  gas-testing  unless  approved 
by  the  Board  of  Trade,  and  unless  the  gas  companies  give  their 
consent  to  its  adoption  as  a  standard." 


on  Proposed  Stav.dardB.  41 

After  some  four  years'  debate  on  this  report, 
the  recommeodafcions  of  the  Committee  are  now  being 
carried  into  effect.  The  form  of  chimney  used  with  the 
burner  as  tried  by  the  Committee  has  been  replaced  with 
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an  elongated  metal  one,  having  an  opening  towards  the 
photometer  disc,  with  the  view  of  removing  one  of  the 
objections  that  had  been  i-aised  to  the  gla-ss  chimney  which, 
if  not  perfectly  true  all  round,  would  be  liable  to  materially 
affect  the  intensity  of  the  light  emitted  in  the  direction  of 
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the  photometer.  By  allowing  the  rays  to  pass  direct  with- 
out the  interposition  of  glass  this  danger  is  avoided. 
Another  alteration  has  been  made,  in  that  instead  of  the 
current  of  air  passing  over  the  pentane  contained  in  the 
reservoir  or  carburetter,  the  latter  is  now  raided  to  a  point 
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above  the  level  of  the  Liimcr,  fioui  whence  it  is  found  that 
the  mixture  of  air  and  pentane  automatically  flows  down- 
wards by  the  aetion  of  gravity  to  the  burner,  thus  doing 
away  with  the  neces.sity  for  the  use  of  a  small  gasholder  to 
contain  and  force  the  air  under  pressure  to  the  carburetter 
(Fig.  8).  The  essential  feature,  as  designed  by  the  writer,  how- 
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ever,  remains,  viz.: — That  the  intensity  of  the  light  is  to  a 
great  extent  controlled  by  the  use  of  the  screen,  which  cuts 
off  the  rays  from  the  top  portion  of  the  flame,  this  being 
the  principle  of  the  system,  which  permits  of  the  remarkable 
self-compensating  action  enabling  the  arrangement  of 
burner  and  screen  to  afford  a  constant  light  under  consider- 
able differences  of  temperature,  height  of  flame,  and  variation 
in  the  composition  of  the  combustible  gas  with  which  it  is 
fed. 

The  arrangement,  as  recommended  by  the  Board  of  Trade 
Committee,  is  fully  described  in  the  appendix  to  their 
report.  The  accompanying  illustrations  of  the  author's 
design  of  the  Pentane  Argand  (Fig.  7)  and  the  modification 
designed  by  Harcourt  (Fig.  8)  will  serve  to  show  the  nature 
of  the  sj'stem  and  the  alterations  since  made  therein. 

In  1884  Herr  Von  Hefner-Alteneck  proposed  the  amyl- 
acetate  lamp,  which  has  met  with  much  approval,  especially 
in  Germany.  It  is  a  simple  form  of  spirit  lamp,  giving  a 
flame  of  40  millimetres  in  height,  caused  by  the  combustion 
of  amyl-acetatc,  better  known  in  commerce  under  the  name 
of  "  i>ear  oil."  The  illuminating  power  of  the  flame  is  said 
to  be  equal  to  one  standard  candle ;  but  in  the  coui-se  of  his 
researches  the  writer  has  found  it  necessary  to  raise  the 
height  of  the  flame  to  51  millimetres,  or  2in.,  to  obtain  the 
light  of  an  average  sperm  candle.  The  objection  to  this 
standard  by  English  photometrists  is  based  on  the  red 
colour  of  the  flame,  which  rendei-s  equal  readings  of  the 
disc  by  different  operators  a  matter  of  uncertainty. 

In  1843  Draper  proposed  to  use  platinum  wire  raised  to 
incandescence  by  a  current  of  electricity. 

In  1880  Violle  employed  the  light  emitted  from  a  cubic 
centimetre  of  platinum  at  the  moment  of  its  greatest 
brilliancy — when  just  beginning  to  solidify  after  being  in  a 
molten  state.  This  system  was  at  one  time  recommended 
by  a  congress  of  electricians  which  met  in  Paris,  but  a  similar 
congress  subsequently  rejected  it,  recommending  the  adher- 
ence to  the  Carcel  lamp. 
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Numerous  other  proposals  have  been  made  from  time  to 
time,  but  they  are  all  more  or  less  modifications  of  the  fore- 
going, or  have  nothing  sufficiently  characteristic  or  promising 
about  them  to  warrant  their  more  particular  notice.  For 
instance,  the  Dutch  Photometric  Commission,  after  a 
laborious  examination  of  the  different  proposals,  came  to 
the  conclusion  that  a  lamp  of  practically  identical  pattern 
with  that  adopted  by  Harcourt  for  a  portable  form  of  his 
one-candle  standaixl  was  the  best,  but  instead  of  burning 
pentane  in  it  they  used  a  mixture  of  ether  and  benzol,  and 
called  the  arrangement  the  "  A  B  "  lamp.  As  mentioned 
above,  Crookes,  in  1868,  proposed  a  mixture  of  alcohol  and 
benzol. 
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CHAPTER    II. 

PHOTOMETEKS. 

Haying  now  discussed  the  two  essential  parts  of  the 
photometer,  viz.,  the  disc,  as  it  is  commonly  termed,  or 
actual  means  of  comparison,  and  the  standard  of  light 
with  which  the  light  under  test  is  to  be  compared,  it  will 
now  be  advisable  to  describe  the  different  forms  of  instru- 
ments in  which  these  two  essentials  are  mounted  for  their 
more  convenient  use. 

The  complete  instrument  known  as  a  "  photometer,"  or 
light-measurer,  comprises  several  parts,  viz.,  first,  the  disc, 
or  that  portion  of  it  by  means  of  which  the  light  under  test 
is  to  be  compared  with  the  standard  light ;  secondly,  the 
standard  light  itself ;  and  thirdly,  the  scale  by  means  of 
which  the  readings  are  taken.  We  have  already  discussed 
the  two  first  essentials,  and  have  now  to  consider  the  third. 
This,  however,  assumes  such  varied  forms  that  it  is  impos- 
sible to  describe  it  without  more  fully  considering  the 
different  forms  of  instruments  which  in  their  entirety  con- 
stitute a  "  photometer." 

Most  of  the  instruments  of  this  kind  are  intended  solely 
for  the  purpose  of  testing  the  rays  emitted  from  a  radiant 
in  a  horizontal  direction,  but  the  necessities  of  modem  im- 
provements have  rendered  this  comparatively  simple  system 
all  but  useless  for  many  purposes,  and  it  was  in  order  to 
place  in  the  hands  of  the  photometrical  expert  a  thoroughly 
reliable  and  convenient  instrument  that  the  writer  devised 
the  radial  photometer,  by  means  of  which  the  intensity  of 
the  light  emitted  in  any  direction  can  be  readily  and 
accurately  measured. 

Before  describing  this  instrument  it  will  be  advisable  to 
refer  to  those  intended  for  testing  horizontal  rays  only ; 
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then  to  the  radial  photometer  and  others  founded  upon  it ; 
and,  finally,  to  such  iastruments  as  those  of  Sugg  and 
Trotter,  for  measuring  the  degree  of  illumination  upon  pave- 
ments, &c.,  in  situ. 

Kings  Photometer, — This  instrument  was  an  adaptation 
of  Bunsen's  photometer  for  testing  the  illuminating  power 
of  coal  gas.  It  consisted  of  a  wooden  bar,  lOOin.  in  length, 
mounted  on  supports.  The  bar  wajs  graduated  to  indicate 
the  relative  intensities  of  two  lights,  one  at  either  end  of 
the  bar,  so  that  when  the  Bunsen  screen,  which 
was  mounted  on  a  travelling  carriage,  showed  equal 
illumination  on  its  surfaces  when  placed  at  any 
point  on  the  bar,  the  intensity  of  the  greater  light  was 
indicated  on  the  scale  in  terms  of  the  lesser  light.  Thus,  if 
the  screen  showed  equal  intensities  at  a  point  equidistant 
between  the  two  lights,  viz.,  at  the  centre  of  the  bar,  the 
graduation  corresponding  to  the  position  of  the  screen  indi- 
cated "  1,"  but  if  the  position  of  the  screen  was  towards  the 
right-hand  radiant  the  scale  indicated  that  the  left-hand 
radiant  was  greater  in  intensity  than  that  on  the  right 
hand,  &c.  This  instrument  was  used  in  a  darkened  room, 
the  walls  and  ceiling  being  preferably  blackened  to  avoid 
reflected  light  interfering  with  the  indications  of  the  screen. 
The  bar  and  screen  were  kept  as  free  as  possible  from  all 
unnecessary  accessories. 

Letheby  shortened  the  bar  of  King's  photometer  to  60in. 
between  the  lights,  and  improved  the  indications  by  using 
two  candles  during  each  of  the  testings,  instead  of  only 
one,  as  used  by  King,  with  the  object  that  the  inequalities 
of  one  candle  might  be  counterbalanced  by  those  of  the 
other.  He  facilitated  the  reading  of  the  two  sides  of  the 
Bunsen  disc  by  fitting  it  in  a  "  sighting  box,"  in  which  he 
arranged  two  small  miiTors,  so  that  the  observer  could 
simultaneously  see  the  two  reflected  images  of  the  screen, 
one  on  each  side.  As  the  direct  rays  from  the  candles  and 
gas  respectively  shining  into  the  eyes  of  the  observer 
interfered  with  the  delicacy  of  the  readings,  screens  werQ 
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provided  to  cut  these  off.  In  order  to  modify  the  effect  of 
draught  on  the  gas-bunier  and  candles,  these  were 
suiTounded  with  large  boxes  open  at  the  top  and  partially 
so  at  one  side.  The  disc  was  either  Bunsen's  or  Leeson  s, 
as  the  observer  might  prefer.  The  instrument  was  used  in 
a  darkened  room. 

Tlte  Canadian  pattern  of  photometer  was  arranged  by 
Messrs.  Sugg  and  Co.,  to  enable  the  Letheby  pattern  to 
comply  with  the  re(juirements  of  the  Standard  Department 
of  the  Board  of  Trade  when  certifying  a  photometer  for  the 
Canadian  Government.  In  this  modification  the  whole  of 
the  gas-measuring  apparatus,  viz.,  meter,  governor,  &c.,  as 
well  as  the  photometer  itself,  is  enclosed  in  a  small  wooden 
room  shut  in  with  heavy  curtains  to  exclude  extraneous 
light. 

Tlte  Improved  Letheby  or  "  Tooley-atreet  **  Pattern  is  a 
modification  of  Letheby 's  suggestion,  and  contains  improve- 
ments proposed  by  the  writer  which  undoubtedly  contribute 
to  the  accuracy  of  the  results.  During  his  investigations 
on  the  standards  of  light,  the  writer  found  that  the  draught 
caused  by  convection  currents  in  the  fonn  of  boxes  then 
in  use,  caused  the  candle  and  gas  flames  to  sway  about  and 
thus  to  give  variable  results.  In  order  to  overcome  this 
it  was  found  that  if  the  chamber  or  box  was  covered  with 
a  perforated  screen  so  as  to  leave  an  opening  Gin.  in  dia- 
meter immediately  over  the  flame  for  the  vitiated  air  to 
escape,  and  the  sides  closed  all  round  except  for  three  or 
four  inches  at  the  bottom,  the  flames  immediately  become 
perfectly  steady,  and  much  more  concordant  readings  were 
obtainable.  It  will  be  seen  that  the  convection  currents 
were  avoided,  and  in  their  place  there  was  obtained  a 
steady  flow  of  a  large  volume  of  air  free  from  side  or  top 
draughts. 

The  second  improvement  consisted  in  fitting  the  writer's 
arrangement  of  reversing  disc  and  mirror  holder.  Other 
improvements  of  a  minor  character  were  made,  and  in  its 
new  form  the  instrument  came  into  much  favour, 
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The  closed  Evans  photometer  was  first  introduced  by 
the  late  Mr.  F.  J.  Evans,  engineer  to  the  Gas  Light  and 
Coke  Company,  in  1858,  in  consequence  of  a  dispute  with 
the  St.  James's  Vestry  as  to  the  illuminating  power  of 
the  street  lamps.  After  much  discussion  it  was  decided  to 
test  the  gas  burners  in  situ,  as  the  Local  Authorities  would 
not  consent  to  the  removal  of  the  burners  to  a  proper 
testing-room.  An  instrument  was  therefore  designed  by 
Mr.  Evans,  and  mounted  on  a  platform  in  Piccadilly.  It 
consisted  of  an  oblong  box,  over  the  two  ends  of  which 
were  placed  metal  ventilating  chimneys  to  allow  the  escape 
of  the  products  of  combustion  of  the  gas  and  candles 
respectively.  The  end  in  which  the  gas  burner  was  to  be 
placed  was  of  such  a  size  that  it  could  be  placed  bodily  over 
the  street  lamp.  The  disc  was  permanently  fixed  in  the 
box  at  a  point  50in.  from  the  gas  flame,  the  candles  being 
mounted  on  a  travelling  carriage,  so  that  the  readings  of 
the  instrument  were  taken  by  moving  the  candles  instead 
of  the  disc,  as  in  King's  photometer.  The  movement  of  the 
candle  carriage  was  regulated  by  a  winch  handle  imme- 
diately in  front  of  the  observer  as  he  stood  watching  the 
disc,  an  endless  cord  connecting  the  winch  with  the  candle 
carriage.  Doors  were  fitted  to  the  box  for  giving  access  to 
the  burner,  disc,  and  candles  respectively. 

When  Mr.  Evans  was  appointed  one  of  the  Gas  Referees 
in  1868,  this  instrument  was  adapted  for  official  use  in  the 
gas-testing  stations.  Its  indications,  however,  have  been 
so  variable  that  it  is  no  longer  sanctioned  by  that  authority. 
The  reader  will  find  the  question  of  its  reliability  fully 
discussed  in  the  writer's  work  on  "  Practical  Photometry, 
page  34,  et  seq. 

The  Imperial  Photometer  is  a  modification  of  the  Evans, 
and  was  constructed  by  Messrs.  Sugg  and  Co.  to  overcome 
the  objection  to  the  fixed  disc  and  moving  candles.  It  is, 
in  fact,  a  combination  of  the  Tooley-street  pattern  above 
referred  to,  with  that  of  the  Evans.  Careful  expeiiments 
by  the  writer  have  shown  that  this  instrument  gives  most 
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excellent  results.  Of  all  closed  photometers  it  is  un- 
doubtedly the  best  The  gas  to  be  tested  for  its  illuminat- 
ing power,  and  the  candles  or  other  standard  employed,  are 
burnt  each  in  one  of  two  square  "towers"  or  chambers, 
which  are  about  2ft.  square. 

To  ensure  a  lai^e  volume  of  air,  moving  at  a  slow  speed, 
being  supplied  to  the  respective  radiants  in  a  manner 
ensuring  full  combustion,  but  not  so  fast  as  to  disturb  the 
steadiness  of  the  flamas,  it  is  admitted  into  the  base  of  the 
"  tower "  through  a  plate  of  perforated  zinc,  and  after 
passing  the  points  of  combustion  emerges  from  the 
chimneys  at  the  top  of  the  two  towers.  By  this  arrange- 
ment both  the  gas  and  candle  flames  are  kept  perfectly  steady. 
The  two  towers  are  separated  from  one  another  by  the 
length  of  the  graduated  photometer  bar,  usually  60in.  in 
length,  but  this  can  be  altered  by  the  makers  as  desired. 
Careful  provision  is  made  for  setting  the  candles  and  gas 
flame  at  points  exactly  corresponding  to  the  terminals  of 
the  scale,  plumb  lines  being  provided  for  this  purpose. 
The  disc  carrier  is  provided  with  the  rotating  movement 
mentioned  in  connection  with  the  Tooley-street  pattern, 
and  in  other  respects  the  instrument  is  made  as  perfect  as 
possible. 

Harcourt's  Table  Photometer. — This  instrument  is  now 
being  prescribed  by  the  London  Gas  Referees  (of  whom  Mr. 
Harcourt  is  a  member)  for  use  in  the  metropolitan  gas- 
testing  stations.  The  following  description  is  taken  from 
the  instructions  of  that  body  issued  by  them  to  the  Official 
Gas  Examiners  (Fig.  9) : — 

The  several  parts  of  the  apparatus  stand  upon  a  well- 
made  and  firm  table,  oft.  6in.  by  3ft.  6in.,  and  2ft.  5in.  high. 
The  upper  surface  of  this  table  is  smooth,  level,  and  dead 
black.  Upon  this  are  placed  or  clamped  in  the  positions 
shown  in  Fig.'  9: — (1)  The  gas  meter.  (2)  The  gas 
governor.  (3)  The  regulating  tap.  (4)  The  "Sugg's 
London  Argand  No.  1"  burner.  (5)  The  connecting  pipes. 
(6)  The  pentane  10-candle  lamp.     (7)  The  photoped.     (8) 
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The  aerorthometer.      (9)    The    stop    dock.       (10)    Dark 
screens;  mirrors. 

(1)  Tlie  Oas  Meter, — ^The  gas  meter  is  sufficiently 
described  elsewhere. 

(2)  The  Oas  Governor. — The  gas  governor  must  be  such 
as  will  effectually  do  away  with  any  variation  of  pressure 
produced  by  the  working  of  the  meter  or  other  causes. 

(3)  The  Regulating  Tap  (Fig.  10).— This  must  have  a  large 
well-fitting  barrel  with  a  round  hole  on  each  side  of  such  a 
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size  as  to  allow  gas  to  pass  at  the  rate  of  about  four  cubic  feet 
per  hour  under  the  pressure  at  the  outlet  of  the  governor. 
In  addition  there  must  be  narrow  saw-cuts  on  opposite  sides 
of  the  two  holes  when  viewed  in  plan,  which  will  allow  an 
additional  passage  of  about  two  cubic  feet  of  gas  per  hour 
when  the  tap  is  so  turned  that  the  holes  and  the  saw-cuts 
arQ  both  opposite  the  orifices  of  the  fixed  part  of  the  tap. 
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The  construction  of  the  tap  is  show^  in  Fig.  10.  The  index 
must  be  secured  to  the  barrel  without  auy  play,  and  its 
pointed  end  must  p&ss  over  a  scale  g^duated  in  degrees 
upon  an  arc  of  not  less  than  80  mm.  radias.  The  arc  is  to 
extend  over  90  deg.,  and  the  degrees  are  to  be  numbered 
from  0  deg.  to  90  des:.  The  arc  is  to  be  made  of  white 
enamel  glass,  and  the  divisions  are  to  be  etched  upon  it, 
and  the  marks  filled  in  with  black.  The  tap  is  to  be  off 
when  the  pointer  is  at  one  extremity  of  the  arc  at  0  deg., 
and  fully  on  when  it  is  at  the  other  extremity  at  90  deg. 
The  small  hole  should  be  fully  open  at  about  20  deg.,  so 
that  the  action  of  the  saw-cuts  may  extend  over  the 
remaining  portion  of  the  arc.  The  tap  must  be  kept  clean 
and  sufficiently  lubricated  to  work  easily. 

(4)  Tfie  "Suggs  London  ArgandKo.  1"  Burner. — This  is 
the  burner  described  in  Appendix  D.  It  is  to  be  mounted 
upon  a  tripod  with  flat  projecting  feet,  so  that  its  position 
upon  the  table  can  be  adjusted  at  any  time.  It  may  be 
clamped  in  position  by  three  i—  shaped  clamps,  each  made 
to  pinch  upon  one  foot  by  the  action  of  a  single  carpenter's 
screw.  The  construction  of  the  foot  and  clamp  is  shown  in 
Fig.  11.  The  height  of  the  top  of  the  steatite  burner  is 
353  mm.  above  the  table.  The  axis  of  the  burner  should  be 
vertical.  If  it  is  found  to  lean  in  any  direction,  paper  or 
card  should  be  inserted  under  one  or  more  of  the  feet  until 
it  is  found  to  be  vertical  after  being  clamped  in  position. 

(5)  The  ConTieding  Pipes. — These  are  to  be  made  of  ^in. 
(outside  measure)  composition  piping.  They  are  to  be  con- 
nected with  the  different  pieces  of  apparatus  by  fin.  unions, 
except  in  the  case  of  the  gas  meters,  where  the  unions 
belonging  to  the  met^r  may  be  retained.  In  all  cases  the 
boss  of  the  union  is  to  be  attached  to  the  apparatus  and 
the  cap  and  lining  to  the  ends  of  the  connecting  pipe. 
These  pipes  are  to  be  placed  above  the  table.  No  grooves, 
recesses,  or  holes,  other  than  the  screw  holes  for  the  screws 
referred  to  in  this  Appendix,  are  to  be  made  in  the  table. 

(G)  The  Pentane  lO-Candle  Lamp. — This  has  beeu  d^- 
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scribed  in  a  previous  article.  The  lamp  need  only  be 
placed  in  position  upon  the  table,  but  for  permanent  use 
clamps  corresponding  to  those  used  to  secure  the  feet  of 
the  London  Argand  stand  should  be  employed.  The  height  of 
the  top  of  the  steatite  burner  is  353  mm.  above  the  table. 
The  construction  of  the  screw,  swivel  plate,  and  clamp,  is 
shown  in  Fig.  11. 

(7)  Tlie  Photoped, — The  photoped  is  represented  in  Fig.  12 ; 
it  consists  of  the  following  parts:  a  plate,  100  mm.  square, 
with  a  central  hole  21  mm.  square.  This  is  held  in  a  verti- 
cal position  by  an  upright  support,  so  that  the  centre  of  the 
square  is  400  mm.  above  the  table.    The  upright  is  carried 
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by  a  tripod  similar  to  that  used  for  the  London  Argand,  and 
secured  in  the  same  way  to  the  table.     To  one  face  of  the 
square  plate  is  fastened,  by  two  binding  screws,  a  clamping 
plate,  60  mm.  by  40  mm.,  also  with  a  central  hole,  21  uiui. 
square,  so  that  the  two  openings  are  opposite  one  another. 
A  piece  of  suitable  white  paper  is  pinched  between  the  two 
plates  so  as  to  cover  the  openings  and  project  a  little  way 
below  the  clamping  plate.    The  clamping  plate  canies  cen- 
trally a  horizontal  tube  about  35  mm.  in  diameter  and  30  mm. 
in  length.    Li  this  slides  smoothly  a  smaller  tube  containing 
a  diaphragm  in  which  a  rectangular  slit,  25  mm.  by  7  mm.^ 
has  been  cut.    To  the  upper  surface  of  the  larger  brass 
plate,  and  on  the  same  side  as  the  clamping  plate,  is  fixed  a 
atrip  of  glass,  so  that  the  lower  edge  is  close  to,  and  exactly 
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parallel  to  the  plate,  while  the  upper  edge  is  so  much  in 
advance  as  will  allow  the  reflection  of  the  flame  described 
elsewhere  to  be  observed.  The  photoped  should  be  plumbed 
vertical.  If  it  is  found  to  lean  sensibly  towards  or  away 
from  the  lamps,  paper  or  card  should  be  inserted  under  one 
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Fig.  12. 

or  more  of  the  feet  until  it  is  found  to  be  vertical  after 
being  clamped  in  position. 

(8)  The  AeroHhometer, — ^This  is  in  effect  an  air  thermo- 
meter and  a  barometer  combined,  consisting  of  a  bulb  and 
vertical  stem  in  which  sufficient  water  is  present  to  ensure 
that  the  air  is  saturated.  The  measuring  tube,  which  ter- 
minates in  a  closed  bulb,  and  a  companion  tube  which  is 
open  to  the  air,  dip  into  a  reservoir  of  mercury  in  the  base, 
the  capacity  of  which  can  be  adjusted  by  a  regulating 
screw  pressing  on  a  leather  cover.    The  relative  volume  of 
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the  bulb  and  tube  down  to  any  division  is  represented  by 
the  number  belonging  to  that  division.  In  using  the 
aerorthometer,  turn  the  screw  up  until  the  level  of  the 
mercury  in  the  open  tube  is  below  that  of  the  mercury  in 
the  bulb  tube ;  then  turn  the  screw  slowly  down  until  the 
mercury  stands  at  the  same  level  in  both  tubes.  The 
division  at  which  the  mercury  now  stands  is  the  aerortho- 
meter reading.  The  gas  examiner  shall,  not  less  often  than 
once  a  month,  compare  the  aerorthometer  reading  with  the 
reciprocal  of  the  tabular  number  deduced  from  observations 
of  the  barometer  and  thermometer,  and  if  there  is  a  differ- 
ence of  more  than  one-half  per  cent,  the  instruments  are  to 
be  readjusted. 

(9)  The  Stop -clock. — ^This  is  the  clock  ordinarily  used  in 
testing  places,  either  attached  to  the  meter  or  independent 
of  it.  It  must  be  provided  with  mechanism  for  starting 
and  stopping.  It  will  facilitate  the  comparison  with  the 
standard  clock  if  it  is  made  to  give  an  audible  sound, 
by  means  of  a  bell  or  otherwise,  at  the  completion  of  each 
minute. 

(10)  Dark  Screens,  Mii*rors, — Five  dark  screens  are  pro- 
vided in  order  to  prevent  the  inaccuracy  and  inconvenience 
to  which  stray  light  would  give  rise.  The  first  is  placed 
between  the  burners  and  the  photoped  in  the  position 
shown  in  Fig.  9.  This  screen  is  500  mm.  square,  with  two 
rectangular  openings.  The  opening  to  the  left  is  40  mm. 
w^ide  and  55  mm.  high,  and  its  lower  edge  is  350  mm.  above 
the  table.  The  opening  to  the  right  is  60  mm.  wide,  its 
lower  edge  is  340  mm.  above  the  table,  and  it  extends  to 
the  top  of  the  screen.  The  centre  lines  of  these  two  open- 
ings are  300  mm.  apart.  The  screen  is  carried  by  a  wooden 
foot  about  500  mm.  by  100  mm.  and  30  mm.  thick.  Care 
must  be  taken  that  it  is  so  adjusted  that  the  whole  of  the 
flame  under  the  tube  C  of  the  lO-candle  lamps,  and  the 
whole  of  the  chimney  and  burner  of  the  Argand  can  be 
seen  through  all  parts  of  the  slit  of  the  photoped  when  the 
paper  is  removed  for  that  purpose.    The  fcot  may  then  be 
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fastened  to  the  table  by  means  of  two  hinges,  so  that  the 
screen  may  be  folded  down  when  the  position  of  the  lamp 
is  being  verified,  and  may  be  easily  replaced. 

The  second  dark  screen  consists  of  a  piece  of  black  velvet 
or  black  cloth,  350  mm.  square,  stretched  on  a  frame  and 
supported  so  that  its  lower  edge  is  150  mm.  above  the 
table.  In  this  is  cut  a  hole  50  mm.  square  with  its  lower 
edge  380  mm.  above  the  table.  This  screen  is  placed  close 
to  the  photoped,  but  on  the  opposite  side  to  that  facing  the 
lamps,  and  with  the  square  hole  opposite  the  square  hole  in 
the  plate  of  the  photoped.  To  the  right  side  of  the  frame 
is  hinged  a  light  frame  350  mm.  high  and  300  mm.  wide, 
with  its  lower  edge  150  mm.  above  the  table.  On  this  abo 
is  stretched  black  velvet  or  black  cloth.  This  prevents  the 
illuminated  dial  of  the  meter  or  arc  of  the  regulating  tap 
from  interfering  with  the  photometric  observations,  while 
at  the  same  time  it  can  be  readily  moved  when  these  are  to 
be  observed. 

The  third  dark  screen  is  about  500  mm.  long  and  750  mm. 
high.  The  fourth  is  about  450  mm.  long  and  750  mm.  high. 
These  may  be  made  of  card  painted  dead  black,  or  of  thin 
wood,  and  may  be  placed  approximately  in  the  positions 
shown  in  Fig.  3. 

The  fifth  dark  screen  consists  of  a  piece  of  black  velvet 
or  cloth  large  enough  to  form  a  black  background  to  the 
lamps  when  viewed  from  the  photoped.  It  is  best  placed 
upon  the  wall,  but  if  that  is  inconvenient,  or  other  objects 
intervene,  it  should  be  supported  on  a  stand,  but  always 
so  as  to  be  at  least  300  mm.  behind  the  flames  of  the 
lamps. 

Two  small  mirrors  are  earned  on  light  stands.  One  of 
these,  made  of  ordinary  flat  silvered  glass,  is  vertical,  and 
is  so  placed  as  to  enable  the  Gas  Examiner,  when  seated  at 
the  photoped  end  of  the  table,  on  moving  his  head  to  the 
left  of  the  second  dark  screen,  to  see  by  reflection  the 
tip  of  the  flame  of  the  10-candle  lamp  through  the 
mica  window  in  the  tube.  C.    The  other,  which  should  be 
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about  120  mm.  in  diameter,  is  convex,  and  should  have  a 
radius  of  curvature  of  about  400  mm.  It  is  placed  on  the 
observer's  right,  and  is  so  inclined  that  it  casts  a  diverging 
beam  of  subdued  light  upon  the  divided  arc  of  the  regulat- 
ing tap,  upon  the  face  of  the  meter,  upon  the  aerorthometer, 
and  upon  the  Gas  Examiner's  note-book. 

All  the  apparatus  on  the  table  upon  which  light  can  fall, 
and  which  might  by  reflection  illuminate  the  photoped,  or 
catch  the  eye  of  the  opemtor,  is  to  be  painted  dead  black  ; 
or,  if  of  finished  brass,  it  is  to  be  bronzed  before  being 
lacquered. 

The  correct  position  of  the  photoped  end  of  the  two 
burners  is  to  be  verified  as  follows : — Each  burner  is 
provided  with  a  measuring  rod  securely  fastened  trans- 
versely to  a  cylindrical  and  shouldered  plug  which  just  fits 
into  the  steatite  ring  and  rests  upon  it.  The  rod  belonging 
to  the  10-candle  lamp  is  to  be  1*000  metre  from  the  axis  of 
the  plug  to  the  extreme  point.  The  rod  belonging  to  the 
London  Argand  is  to  be  1'265  metre  from  the  axis  of  the 
plug  to  the  extreme  point.  Each  rod  is  to  be  balanced 
about  the  plug.  Each  must  be  capable  of  being  placed  in 
its  burner  without  disarranging  the  burner,  except  in  the 
removal  of  the  glass  chimney  of  the  London  Argand  or  the 
conical  shade  of  the  10-candle  lamp.  Each  rod  should 
terminate  in  a  rounded  ivory  point.  When  these  rods  arc 
placed  in  their  burners  and  the  long  ends  are  moved 
gradually  round  towards  the  photoped,  they  should  just 
come  in  contact  with  the  paper  under  the  clamping  plate  at 
the  middle  point 

A  third  rod  is  provided  with  two  plugs,  one  to  fit  each 
burner,  and  with  their  centres  exactly  0*522  metre  apart. 
The  two  plugs  should  just  drop  into  the  steatite  rings  of 
the  two  burners.  If  any  one  of  these  tests  shows  the 
burners  to  be  incorrectly  placed,  their  position  is  to  be 
altered  until  all  the  measurements  are  cprrect.  After  this 
process  the  burners  are  to  be  lighted,  the  flames  turned 
low,  and  the  reflection  of  one  is  to  be  observed  over  the 
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other  on  the  glass  of  the  photoped.  If  the  reflection 
appears  central,  the  photoped  is  symmetrically  placed  with 
respect  to  the  two  burners ;  if  not,  the  nut  on  the  standard 
is  to  be  loosened  and  the  plate  turned,  until  the  reflection  in 
central.  The  two  lights  are  then  to  be  turned  up  and  the 
slit  is  to  be  moved  in  or  out  until  the  two  rectangular 
spaces  illuminated  by  the  two  lights  just  meet  hut  do  not 
overlap, 

A  pattern  tabic  photometer  is  set  up  in  the  Gas  Referees' 
office.  This  may  be  seen  after  permission  in  writing  has 
been  obtained  from  the  Eefei'ees. 


Fix.   13.-Dibdln-t   Portable   Photometer. 

Tlie  photometer  introduced  by  Mr.  Uarcourt,  above 
dcsciibed,  is  now  made  in  a  form  in  which  it  can  bo  readily 
packed  for  transit,  so  that  this  instrument  comes  also  under 
the  head  of  portable  photometers. 

Bibdin's  Parlahle  Photometer  (Fig.13). — This  instrument 
was  devised  in  conjunction  with  Messrs.Sugg  and  Co.,in  1884, 
to  provide  a  ready  means  of  testing  the  illuminative  value 
of  the  gas  supplied  in  different  parts  of  the  metropolis  away 
from  tlie  oflicial  testing  places,  as  it  was  J'ound  that  whilst 
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ihe  gas  would  often  be  up  to  the  full  standard  quality  at 
the  fixed  stations,  the  illuminative  value  was  frequently 
below  the  standard  at  points  elsewhere.  Up  to  the  present 
time,  the  indications  of  this  instrument  have  no  legal 
value. 

This  form  of  portable  photometer  combines  all  the 
essentials  of  a  complete  Letheby  photometer.  It  is  easily 
packed  away  in  a  box  for  transit,  and  can  be  set  up  ready 
for  use  in  five  minutes.  It  consists  of  a  base-board,  hinged 
in  the  centre  for  folding.  On  to  this  is  screwed  the  photo- 
meter bar,  on  which  the  disc  box  travels.  The  gas  burner 
and  candle-holder,  or  standard,  as  the  case  may  be,  are 
fitted  into  metal  sockets  provided  for  that  purpose  in  the 
base-board.  Velvet  curtains  are  provided  for  cutting  off 
extraneous  rays  of  light  which  might  fall  upon  the  disc  and 
the  observer's  eyes.  The  base-board  is  supported  upon  camera 
tripods,  as  also  is  the  experimental  test  meter  for  measuring 
the  volume  of  gas  consumed  in  the  process  of  testing.  The 
instrument  is  complete  in  every  way,  and  has  passed  the 
criticisms  of  the  London  Gas  Referees,  who  would  doubt- 
less have  sanctioned  its  use  for  official  testings  had  they  not 
been  bound  by  the  existing  Acts  of  Parliament  to  restrict 
these  to  fixed  stations. 

Hartley's  Portable  "  Universal  '*  Photometer, — This 
consists  of  a  light,  narrow  table,  llin.  wide,  2ft.  Gin. 
high,  and  oft.  Gin.  in  length.  The  scale  is  divided 
into  inches  and  tenths,  and  is  21  in.  in  length.  It  is 
fitted  into,  and  capable  of  being  fixed  at,  any  position 
within  a  groove  in  the  table  top,  which  has  a  long  slot 
along  its  centre,  below  which  slot  is  a  bra.ss  socket  connected 
by  wire  cords  passing  over  pulleys  to  the  winch  handle, 
similar  to  the  arrangement  in  the  Evans  photometer  for 
moving  the  candles,  and  serving  the  same  purpose,  viz.,  the 
movement  of  the  standard.  The  disc  carrier  is  supported 
on  a  stand,  the  base  of  which  is  fitted  with  a  pointer  or 
index,  coinciding  with  the  vertical  line  of  the  disc.  The 
disc  carrier^  like  the  scale>  may  be  shifted  along  the  table. 
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both  being  shifted  at  the  same  time,  the  index  of  the  disc 
carrier  and  the  zero  of  the  scale  always  being  made  to 
coincide  with  each  other.  With  the  photometer  a  strong 
sliding  pillar  is  provided,  which,  like  the  photometer,  stands 
upon  the  floor,  and  is  provided  with  levelling  screws  and 
plumb-lines.  This  pillar  serves  to  carry  gas  burners  or 
lamps  of  varioiis  sizes,  as  required. 
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CHAPTER  III. 

RADIAL   PHOTOMETRYi 

When  the  Committee  of  the  Gas  Section  of  the  Inter- 
national Gas  and  Electrical  Exhibition,  held  at  the  Crystal 
Palace  in  1882-3,  invited  the  late  Professor  William  Foster 
and  the  author  to  report  upon  the  various  burners  exhibited, 
one  of  the  first  points  considered  at  the  request  of  the 
Committee  was  the  estimation  of  the  angular  rays 
emitted  from  the  various  burners  submitted  for  examina- 
tion. For  this  purpose  Hartley's  "  Universal "  photometer 
was  employed  after  certain  alterations  had  been  made  at 
the  author's  suggestion. 

These  alterations  were  described  by  the  writer  in  1884, 
as  follows : — 

*  As  originally  designed,  the  disc  was  rigidly  fixed  in  the 
usual  vertical  position,  but  at  our  request  this  was  so 
arranged  as  to  be  susceptible  of  adjustment  at  any  required 
angle,  so  that  the  rays  from  the  standard  and  the  burner 
under  examination,  whatever  its  position,  might  impinge 
upon  the  screen  at  equal  angles.  The  following  considera- 
tions will  show  our  reasons  for  this : — When  two  lights  are 
opposed  to  each  other  in  a  horizontal  direction,  and  a 
vertical  screen  is  placed  between  them,  it  is  evident  that 
the  rays  impinging  thereon  must  do  so  in  accordance  with 
the  well-known  law  of  the  squares  of  the  distances.  If 
the  actual  distance  of  one  of  the  lights  from  the  screen 
remains  constant  while  travelling  through  the  circumference 
of  a  circle,  whose  centre  is  coincident  with  the  centre  of 
the  disc,  the  number  of  rays  impinging  upon  the  unit  area 
of  the  disc  must  be  less,  and  continue  to  decrease,  as  the 
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position  of  the  light  is  increased  from  that  of  the  hori- 
zontal line;  and  this  decrease  is  in  exact  ratio  to  the 
cosine  of  the  angle  formed  by  the  position  of  the  light 
with  regard  to  the  disc  and  the  path  of  horizontal  rays. 
Therefore  the  number  of  rays  impinging  upon  the  vertical 
disc  will  diminish  with  the  cosine  of  the  angle  thus  formed. 
The  following  diagram,  Fig.  14,  shows  this  very  clearly. 

Let  AA*  BB*  represent  the  section  of  horizontal  rays 
impinging  at  right  angles  upon  the  vertical  disc  CC*,  and 
CDC^^  D"  the  section  of  an  equal  number  of  rays  thrown 
at  a  downward  angle  from  a  source  of  light  placed  above 
the  horizontal.     It  is  evident  that  the  whole  of  the  angular 


Fig.  14. 

rays  do  not  impinge  upon  the  disc  CC*,  but  that  the  rays 
which  do  so  are  defined  by  CDC*  D\  By  drawing  the 
circumference  of  a  circle  whose  radius  is  CC\  and  finding 
the  cosine  CE,  it  is  at  once  seen  that  the  section  of  the 
rays  CF,  which  impinge  upon  the  disc,  is  in  exact  pro- 
portion to  the  cosine  of  the  angle  of  incidence  CE.  When 
the  light  is  raised  throughout  a  quadrant,  the  number  of 
rays  impinging  upon  the  vertical  disc  will  be  nil,  and  thus, 
although  the  burner  may  be  one  of  high  illuminating 
power,  such  a  system  of  photometry  would  fail  to  record 
any  value  for  it. 
Another  important  point  in  connection  with  the  vertical 
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Tablb  I. — Bays  from  Burner  22*5  deg,  with  Horizontal  Line. 

HsadiDgs  with        Loss  per  cent, 
disc  arranged  f or      ' 
eqnal  angles  of 
incidence. 


Beadings  with 
disc  TnticaL 


Ck>rrected  for 

ooeine  of  angle 

=  -9239. 

88-7 41-9 

206-0 222-0 

463-5 491-0 

27-0 29-2 

826-0 853-0 

62-8 68-0 

26-6 28-7 

140-5 1521 


Average ... 
Bays  from  Burners  45 

Corrected  for 

cosine  of  angle 

=  -7071. 

28-6 

400-0 

29-2 

67-2 

83-6 

70-0 

60-2 

22-1 

114-8 

176-0 

147-8 

22-2 

125-0 

25-5 

13-0 

183-0 

12-7 

74-0 


44-1 
245-0 
519 '5 

29-7 
352-0 

68-8 

30-8 
162-2 


by  estimation 

of  vertioal  disc, 

due  to  reflection. 

4-9 

9-4 

5-5 

1-6 

1-1 
6-8 
6-1 


•  •  •  ■  •  • 


4-4 


Beadingswith 
disc  Yertical. 

20-2 

282-5 

20*6 

47-5 

28-7 

49-4 

42-5 

15-6 

81-0 

124-1 

104-2 

15-7 

88*2 

14-5 

9-2 

129-8 

9-0 

52-2 

deg,  with  Horizontal 

Readings  with 

disc  arranged  for 

equal  angles  of 

incidence. 

...  04       V  a  •  • 

...    491-6    ... 
...      34-2    ... 

...         Of  - O     ... 

...      38-4    ... 

85-8    ... 

...      67*1    ... 

...  ^d  *  a       ... 

...        xij\J*  O       ... 
...         XoO  *  17       ... 

...     161-9    ... 

...  aO  - 1       ... 

...     144-0    ... 

. . .  aO  -  7       ... 

■  •  •  J.A     /       ... 

...     207-0    ... 
12-6    ... 

...         ou  *  O     ... 


Line, 

Loss  per  cent. 

by  estimation 

of  yertioaldisc, 

due  to  reflection. 

...  18-0 

...  18-6 

...  14-6 

...  22-0 

...  12-6 

...  18-4 

...  10-3 

...  12-3 

...  15-9 

...  15-8 

...  8-7 

...  11-6 

...  13-2 

...  0-8 

•  •  •         ~"    * 

...  11-6 

•  •  •         — — ■ 

...  14-5 


12-15 


Average...     . 

Ba/ys  from  Burner  67  *  5  deg,  with  Horizontal  Line. 

Readings  with  Loss  per  cent, 

disc  arranged  for  by  estimation 

equal  angles  of  of  yertical  disc, 

incidence.  due  to  reflection. 


Beadingswith 
disc  yertical. 

Corrected  for 

cosine  of  angle 

=  -3827. 

55-3     

•  •  •          X  X  Mi     V          •  9  i 

82-8     

...     216-5     ... 

378-0 
920-0 


61-8 
76-5 


Average ... 


...  69-1 


64  Eirr<yi*  due  to  Vertical  Disc. 

disc  must  not  be  overlooked,  and  that  is,  that  when  the 
rays  of  light  impinge  upon  a  surface  at  an  oblique  angle, 
a  considerable  loss  of  light  occurs  by  reason  of  the  increase 
of  reflection  and  absorption,  which  preponderates  over  the 
loss  incurred  when  the  angle  of  incidence  forms  a  right 
angle.  This  loss  increases  with  the  increase  of  the  angle, 
and  seriously  vitiates  any  results  obtained.  Table  I.  shows 
the  results  of  some  tests  made  in  this  manner,  and  gives 
the  illuminating  power  of  angular  rays  when  tested  with 
the  photometer  disc  fixed  in  a  vertical  position,  and 
when  it  is  arranged  so  that  the  angles  of  incidence  are 
identical. 

After  correction  for  the  diminished  number  of  rays 
impinging  upon  the  disc  at  the  diflerent  angles,  the  value 
obtained  is  deducted  from  that  found  by  estimation  with 
the  disc  arranged  for  equal  angles  of  incidence,  and  the 
diflerence  between  the  two  results  -calculated  into  percent- 
ages. By  this  means  it  is  seen  that  when  the  burner  is  at 
an  angle  of  22*5  deg.  above  the  horizontal,  the  average  loss 
due  to  reflection  from  the  vertical  disc  is  4*4  per  cent.,  at 
45  deg.  it  is  12  per  cent.,  and  at  67  "5  deg.  68  per  cent.  It 
is  obvious,  therefore,  that  the  method  of  estimating  the 
illuminating  power  of  angular  rays  by  means  of  a  vertical 
disc  is  erroneous. 

The  following  diagrams  represent  the  results  obtained 
by  the  radial  photometer  when  various  light  sources  of 
diflerent  character  are  measured  by  it. 

By  arranging  the  disc  so  that  the  angle  of  incidence  is 
equal  on  either  side,  thus  (disc,  AA^ ;  hoiizontal  rays,  AB, 
A^B^;  angular  rays,  CA,  C^A^),  we  equalise  both  the 
proportionate  number  of  rays  impinging  thereon,  as  well  as 
the  loss  due  to  reflection.  Determinations  thus  made 
possess  all  the  value  of  those  made  with  a  vertical  disc  and 
horizontal  rays  on  either  side  in  the  usual  manner. 

2%e  Radial  Photometer. — ^The  principle  involved  in  the 
construction  of  the  Radial  photometer  is  very  simple — viz., 
that  the  light  under  examination  should  be  rigidly  fixed  ia 
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one  position,  while  the  estimations  of  the  value  of  the 
angular  rays  emitted  from  the  horizontal  to  the  vertical, 
either  above  or  below,  are  being  made ;  thus  ensuring 
perfect  steadiness  of  the  burner,  or  other  luminous  point. 

The  apparatus  (Fig.  15)  consists  of  two  vertical  supports, 
one  of  which  is  permanently  fixed  to  the  base-board  or  foot, 
while  the  one  on  the  right  hand  travels  on  rollers  on  the 
base-board  in  such  a  position  that  it  will  run  in  front  of 
the  fixed  support. 

The  two  uprights  are  connected  by  a  bar,  the  ends  of 
which  work  upon  trunnions  or  axles  attached  to  blocks, 
which  travel  in  the  grooves  of  the  uprights.  These  blocks 
can  be  clamped  in  any  desired  position.  One  end  of  the 
bar  is  attached  to  the  front  of  the  fixed  upright,  while  the 
other  end  is  attached  to  the  travelling  upright  at  the  back ; 
80  that,  when  the  two  uprights  are  in  juxtaposition,  the  bar 
is  perpendicular  between  them.  The  centres  of  the  trun- 
nions correspond  in  position  with  the  centres  of  the  two 
graduated  dial  plates  in  front  of  the  uprights.  The  distance 
between  the  centres  of  these  dial  plates  is  50in.  It  is 
therefore  evident  that,  whatever  position  the  bar  may  be  in, 
the  distance  from  the  centre  of  one  dial  to  that  of  the  other 
must  be  constant.  In  front  of  the  dial  plate  on  the  travel- 
ling upright  the  screen  or  disc-holder  is  fixed,  so  that  its 
centre  is  coincident  with  the  centre  of  the  dial. 

Attached  to  the  block  in  the  groove  of  the  travelling 
upright  support  is  the  horizontal  bar  canning  the  standard. 
The  standard  is  supported  in  front  of  the  horizontal  bar 
by  a  travelling  carriage,  working  on  rollers,  and  is  moved 
by  a  cord  and  winch,  conveniently  placed  on  the  right-hand 
side  of  the  graduated  dial  on  the  support.  Attached  to  the 
block  carrying  the  photometer  disc  is  a  brass  rod,  which 
is  brought  well  forward,  and  then  curved  round  for  the 
purpose  of  carrying  a  velvet  curtain  to  screen  off*  extraneous 
light  when  readings  are  being  taken. 

The  two  dial  plates  are  graduated — the  larger  one  on 
the  fixed  support  in  degrees,  and  the  smaller  one  on  the 
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travelling  support  in  half  degrees,  which  are  numbered  as 
whole  degrees  for  the  purpose  of  facilitating  the  setting  of 
the  disc  for  equal  angles  of  incidence;  so  that  when  the 
bar  is  set  (say)  at  40"",  the  disc-pointer  is  to  be  set  at  40% 
It  will  then  be  in  the  proper  position — viz.,  20"*.  The  disc 
may  be  arranged  to  work  automatically  with  the  movement 
of  the  bar,  by  means  of  a  simple  mechanical  appliance ;  so 
that,  whatever  may  be  the  position  of  the  bar,  the  disc  will 
be  at  the  correct  angle. 

A  brass  rod  is  provided  for  adjusting  the  position  of  the 
burner,  &c.,  to  be  tested.  It  has  to  be  pushed  through  the 
centre  of  the  block  and  trunnion  on  the  fixed  upright 
support,  and  will  then  be  at  right  angles  with  the  plane  of 
the  dial,  and  project  exactly  through  its  centre,  by  which 
means  it  is  easy  to  adjust  the  flame  in  its  proper  position  in 
front  of  the  apparatus.  The  light  to  be  tested  may  be  brought 
forward  to  the  full  extent  that  can  be  attained  by  the 
disc  and  standard,  which,  obviously,  can  be  regulated  as 
desired,  so  that  the  size  of  the  burner  or  lantern  to  be 
tested  by  this  appaiutus  is  practically  unlimited,  due  regard 
being  paid  to  the  length  of  the  bar  and  the  power  of  the 
light. 

When  a  test  is  commenced,  the  light  to  be  examined  is 
fixed  on  the  support  attached  to  the  block  in  the  fixed 
upright,  and  accurately  centred  with  the  dial  plate,  which  is 
to  be  lowered  to  the  bottom  of  the  groove  in  the  support. 
The  block  in  the  travelling  support  has  next  to  be  raised^ 
which  operation  will  bring  it  immediately  over  the  burner ; 
the  travelling  upright  being  in  front  of  the  fixed  support^ 
and  the  pointer  on  the  bar  indicating  90°  on  the  large  dial 
plate.  The  photometer  disc  is  to  be  arranged  for  equal 
angles  of  incidence,  by  turning  it  until  its  pointer  is  at  90, 
when  a  reading  can  be  taken.  The  clamp  holding  the  top 
block  in  position  is  then  loosened,  and  the  handle  working 
the  rack  and  pinion  of  the  travelling  support  turned  until 
the  bar  is  at  an  angle  of  80°.  The  block  must  then  be 
clamped,  the  disc  adjusted  to  80,  and  so  on  for  each  degree 


Radial  Photometer,  67 

or  ten  degrees  as  desired,  until  the  horizontal  rays  are  esti- 
mated. The  block  supporting  the  light  is  then  to  be  raised 
to  the  higher  position,  and  the  bar  adjusted  for  the  desired 
angle  below  the  horizontal,  and  a  second  series  of  readings 
taken  until  the  downward  vertical  rays  are  estimated. 
Fig.  15  shows  the  instrument  arranged  for  testing  the  rays 
thrown  downward  at  an  angle  of  45°. 


Fig.  15.— Dibdin's  Radial  Photometer. 

It  is  to  be  hoped  that  in  future  all  comparative  tests  of 
the  value  of  various  burners  will  be  so  conducted  as  to  show 
the  actual  work  done  by  them,  not  only  in  one  direction, 
but  in  all  directions.  With  Argand  and  other  circular 
burners,  this  can  be  done  by  making  one  series  of  tests 
from  the  vertical  above  to  the  vertical  below  at  every 
10°.  But  in  the  case  of  flat-flame  burners,  it  is  necessary 
that  this  series  should  be  made  in  duplicate,  one  with 
the  flam^  flat,  or  at    right    angles    to    the    bar    of  the 
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photometer,  and  one  with  the  flame  placed  with  its  edge  to 
the  bar.     An  extensive  series  of  experiments  on  this  point 

Table  II. — Flat  Flame  Burners.    Illuminating  Power  of 

Horizontal  Rays, 


Barner 

Bamer 

Burner 

Position  of  flame. 

No.  1 

No.  2 

Na3 

• 

candlea. 

candles. 

candles. 

Flat  to  photometer  bar 

80-8 

24-2 

8 

5 

Flfl.TTie  turned    10° 

SO- 

8 

24 

2 

8 

5 

20 

SO' 

9 

24 

8 

8 

5 

30 

SO- 

9 

24- 

2 

8 

5 

40 

SO- 

'8 

24- 

0 

8 

4 

,         50 

30- 

2 

24 

•0 

8 

8 

60 

80- 

1 

28- 

•8 

8 

2 

70 

80- 

2 

28- 

-5 

8 

2 

80 

29 

8 

22- 

-4 

8 

2 

Edge  to  bar    „          , 

90 

24- 

'4 

20- 

8 

7 

9 

,       100 

28 

'7 

21- 

6 

8 

2 

,       110 

29 

'6 

22 

•8 

8 

8 

,       120 

80 

8 

23- 

5 

8 

8 

,       180 

80 

■5 

23- 

'4 

8 

8 

,       140 

SO 

5 

28 

2 

8 

8 

,       160 

80 

■5 

28 

4 

8 

'4 

160 

SO 

•1 

28 

5 

8 

4 

,       170 

SO- 

•4 

28 

2 

8 

8 

Flat  to  bar      „          , 

,       180 

SO 

8 

28 

1 

8 

-4 

,       190 

80 

•4 

22 

8 

8 

4 

,       200 

SO 

'8 

28 

0 

8 

4 

,       210 

SO 

'8 

22 

7 

8 

-4 

,       220 

SO 

•7 

22 

9 

8 

8 

,       230 

31 

•0 

22 

9 

8 

8 

,       240 

80 

•6 

22 

■8 

8 

8 

,        250 

80 

•1 

22 

0 

8 

2 

,       260 

29 

•5 

21 

2 

8 

1 

Edge  to  bar    „          , 

.       270 

25 

•0 

18 

6 

7 

8 

,       280 

28 

'5 

20 

6 

7- 

8 

,       290 

29 

•5 

21 

9 

8 

1 

,       300 

29 

•7 

22 

2 

8 

8 

,       310 

29 

•8 

28 

0 

8 

S 

• 

,       320 

30 

'8 

28 

0 

8- 

4 

,       830 

80 

'8 

28 

5 

8" 

8 

,       840 

SO 

•5 

23 

4 

8- 

4 

,       850 

80 

•7 

28 

6 

8- 

4 

Flat  to  bar      ,,          , 

,       860 

80-9 

28-4 

8-6 

has  shown  that  very  considerable  differences  exist  between 
the  quantity  of  light  emitted  from  the  flat  surface  and  from 
the  edge  of  various  burners ;  this  diflference  varying  from 
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10  to  35  per  cent,  of  the  light  emitted  from  the  flat  surface 
Therefore,  it  is  very  necessary  that  the  two  series  of  tests 
should  be  made,  and  an  average  taken,  which  should  be 
held  to  represent  the  value  of  the  burner. 

For  the  purpose  of  facilitating  comparison,  the  author 
has  made  determinations  of  the  quantity  of  light  afforded 
in  all  directions  horizontally  by  three  classes  of  flames, 
testing   them   at   every   10^.      The   results  are   stated  in 

Tablb  III. — Flat  Flame  Burners.    Illurmnating  Power  of 

Angular  Bays, 


Burner 

Burner 

Direction  of  rays. 

No.l 

No.  2 

candles. 

candles. 

90^  above  horizontal 

•  «                  •  ■  • 

27-8 

8 

0 

BO        ,,            „ 

29 

2 

9 

0 

70        „ 

29 

0 

9 

3 

60 

80 

5 

9 

3 

SO 

80 

'8 

9 

2 

40        „ 

80 

9 

8 

7 

80 

80 

8 

9 

4 

20        „ 

80 

4 

9 

3 

10        „ 

29 

4 

9 

8 

Horizontal 

29 

8 

9 

7 

10°  below  horizontal . 

29 

9 

9 

9 

20        „           „          . 

80 

2 

10 

0 

80        „ 

80 

2 

10 

1 

40        „ 

29 

8 

10 

0 

60        „ 

29 

8 

10 

0 

60        „ 

80 

0 

10 

•7 

70        „ 

29 

2 

10 

8 

80       „ 

28 

•7 

11 

2 

90        „ 

19-6 

6-8 

Table  II.,  page  68.  The  diagrams  (Plate  II.)  show  at  a 
glance  the  positions  in  which  the  maximum  light  is  thrown. 
The  value  of  the  Radial  photometer  is  most  strikingly 
shown  in  the  examination  of  burners  shaded  by  globes, 
reflectors,  &c.  For  this  purpose  the  author  has  tested  three 
Argand  burners,  fitted  with  different  forms  of  shades. 
Table  IV.,  page  70,  contains  the  results,  which  are  also  put 
in  diagram  form.  Two  of  these  sets  of  observations  clearly 
indicate  that  the  form    of    the   porcelain  cup   might  be 
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arranged  to  yield  more  satisfactory  results,  but  considering 
the  want  of  a  suitable  method  of  testing,  before  the  Radial 
photometer  was  introduced,  there  is  little  room  for  com- 
plaint. The  eflTect  of  the  well-known  glazed-paper  shade  is 
very  striking;  the  even  distribution  of  light  downward 
being  very  satisfactory.  The  tests  of  a  Christiania  burner, 
with  and  without  its  globe,  are  also  interesting ;  but,  as  in 
this  case  the  globe  has  to  do  the  double  duty  of  regulating 
the  draught  and  reflecting  the  rays  in  a  downward  direction, 
it  is  difficult  to  sec  how  its  form  can  be  improved.  The 
tests  of  a  new  form  of  reflector  well  illustrate  the  character 
of  the  work  of  which  the  Radial  is  capable.  The  tests  may 
be  taken  at  every  degree  where  necessary,  and  thus  most 
valuable  comparative  results  ai^e  obtained. 

The  eftect  of  a  suitable  reflector  in  difiusing  the  power  of 
the  light  in  particular  directions  is  very  marked ;  so  much 
so,  that  in  future  competitive  tests  of  burners  and  apparatus 
relating  thereto,  it  would  be  highly  desirable  to  make  special 
awards  for  the  best  form  and  difiusing  power  of  reflectors, 
In  the  authors  judgment,  the  most  perfect  reflector  should 
throw  the  rays  of  light  in  such  a  manner  as  to  evenly 
illuminate  a  level  surface  comprised  within  a  circle  whose 
circumference  includes  those  rays  falling  at  an  angle  of  30*" 
below  the  horizontal. 

The  nearest  approximation  to  this  definition  is  the  result 
given  by  the  well-known  porcelain  shade  supplied  with 
Argand  burners.  When  the  cup  is  in  position,  the  rays 
falling  at  all  angles  from  0*"  to  fiO""  below  the  horizontal, 
are  intercepted  to  an  excessive  extent. 

The  importance  of  facility  in  testing  a  new  disc  for  photo- 
metric readings  is  generally  acknowledged.  The  form  of 
carrier  used  with  the  Radial  photometer  is  especially 
adapted  for  readily  adjusting  the  disc,  so  that  either  side 
may  be  turned  towards  the  standard  light.  It  is  only 
necessary  to  loosen  the  screw  holding  the  carrier,  when  the 
latter  can  be  rotated  on  its  axis.  It  may  be  of  interest  to 
point  out  that  this  is  the  first  photometer  to  which  the 
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author's  rotating  disc-holder,  now  coming  into  very  general 
use,  was  applied. 

HarcourCa  Holophotonieter. — The  following  description 
of  this  photometer  is  extracted  from  the  Journal  of  Oas 
Lighting,  July  l7th,  1888 : — 

The  holophotometer  has  been  designed  in  order  to  get  rid 
of  two  difficulties  connected  with  other  methods  of  attain- 
ing the  same  object,  viz.,  to  measure  the  light  emitted  in 
every  direction  by  any  luminous  source.  These  difficulties 
are : — (1)  The  movement  of  the  light  to  be  measured  or  of 
the  standard  lamp,  neither  of  which  is  desirable.  (2)  The 
eiTora  caused  in  the  measurement  of  lamps  provided  with 
reflecting  fittings,  by  the  assumption  that  the  flame  is  the 
zero  point  from  which  measurements  should  be  made, 
whereas,  strictly  speaking,  the  principal  focus  formed  by 
the  reflector  should  be  taken  as  the  zero  point.  Inasmuch, 
then,  as  this  focus  may  be  several  inches  away  from  the 
flame,  and  as  the  length  of  the  bar  usually  employed  is 
coin.,  it  is  evident  that  serious  errors  may  be  introduced 
by  the  difference  between  the  real  and  the  assumed  zero 
point. 

To  establish  the  existence  of  such  an  error,  and  to 
eliminate  it,  two  things  are  necessary,  viz.,  that  readings 
should  be  taken  with  bars  of  various  lengths ;  and  that  the 
length  of  the  bar  should  be  very  great  compared  with  that 
between  the  real  source  of  light  and  the  focus  formed  by 
the  reflector.  Both  these  points  are  secured  by  the  use  of 
the  holophotometer.  The  instrument  is  mounted  upon  a 
table  capable  of  being  moved  nearer  to,  or  further  from,  a 
fixed  table  containing  a  graduated  bar  with  movable  disc 
(say,  of  the  Letheby  pattern),  and  having  a  standard  lamp 
fixed  at  the  zero  of  the  bar.  The  lamp  to  be  measured  is 
mounted  upon,  or  is  in  rigid  connection  wnth,  the  movable 
table;  and  it  is  therefore  not  moved  duiing  a  series  of 
readings. 

The  holophotometer  consist's  of  an  axis  working  friction 
tight  in  a  collar  supported  b^  a  vertical  pillar.    The  axis  is 
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accurately  fixed  at  the  same  height  as,  and  in  a  line  with, 
the  centre  of  the  disc.  At  the  end  nearest  to  the  disc  is 
placed  a  large  mirror,  with  its  centre  concentric  with  the 
axis,  but  so  arranged  that  the  plane  of  the  miiTor  may  be 
inclined  and  clamped  at  any  angle  to  the  axis.  At  the 
other  end  of  the  axis  is  fixed  a  telescopic  arm,  carrying  a 
smaller  mirror,  which  is  capable  of  being  turned  into  any 
required  position.  The  arm  being  rigidly  fixed  to  the 
rotating  axis  of  the  instrument,  to  which  is  also  attached 
the  larger  miiTor,  it  follows  that  the  rotary  motions  of  the 
mirrors  about  the  axis  are  identical.  The  angles  of  rotation 
are  measured  by  the  indications  upon  a  divided  circle 
attached  to  the  moving  axis,  and  are  shown  by  a  pointer 
fixed  to  the  upright  support. 

The  mirrors  are  adjusted  in  such  a  way  that  the  light 
from  the  lamp  to  be  measured  falls  upon  the  smaller  mirror; 
thence  is  reflected  on  to  the  larger  one ;  and  finally  along 
the  axial  line  of  the  photometer  disc.  As  both  mirrors 
rotate  together,  it  follows  that  if  a  horizontal  beam  is 
reflected  correctly,  all  other  beams  will  find  their  way  along 
the  axis  of  the  photometer.  If,  therefore,  the  arm  carrying 
the  small  mirror  be  moved  through  vai'ious  angles,  it  will 
receive  the  light  emitted  from  tlie  lamp  at  those  angles,  and 
the  light  will  at  every  angle  be  transmitted  along  the  axis 
of  the  photometer.  The  divided  circle  is  made  large  enough 
to  serve  as  a  complete  screen  of  all  direct  light ;  and  only 
the  light  falling  on  the  small  mirror  can  find  its  way  to  the 
disa  In  order  that  absolute,  as  well  as  comparative,  tests 
may  be  carried  out,  only  one  additional  measurement  need 
be  made.  The  direct  horizontal  light  is  measured  without 
the  interposition  of  the  holophotonieter  (which  is  mounted 
so  as  to  be  easily  moved  out  of  the  direct  line) ;  then  the 
mirrors  are  interposed,  and  a  new  measurement  is  made; 
The  additional  path  travelled  by  the  light  is  allowed  for  in 
calculation;  and  thus  the  absorption  of  the  mirrors  is 
determined  once  for  all  for  the  particular  character  of  light 
under  measurement.     It  is  only  necessary  afterwards  to 
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multiply  subsequent  values  by  this  coefficient  of  absorp- 
tion, in  order  to  obtain  absolute  measurements  at  various 
angles.  The  absorption  of  the  two  mirrors  employed  is 
stated  to  be  only  1*8  per  cent. 

The  employment  of  mirrors  in  photometry  has  sometimes 
led  to  serious  errors ;  but  it  will  be  seen  by  the  foregoing 
description  that,  inasmuch  as  the  relative  angle  of  the 
mirrors  is  never  changed,  and  as  their  absorption  is  easily 
calculated  and  allowed  for,  the  only  objections  to  their  use 
have  been  guarded  against  and  avoided. 

In  order  to  eliminate  the  second  source  of  error  mentioned 
above — ^viz.,  that  arising  from  the  formation  of  a  principal 
focus — it  is  only  necessary  to  take  a  series  of  readings  with 
the  table  in  one  position,  and  then  move  it  to  a  greater 
distance  and  take  another  series.  If  a  focus  is  formed  at  a 
sufficient  distance  to  produce  an  appreciable  error,  it  will 
clearly  appear  in  the  difference  between  the  readings  at  the 
two  distances ;  and  then  it  is  only  necessary  to  wheel  the 
table  to  such  a  distance  that  the  discrepancy  is  inappreciable. 
In  other  words,  this  is  equivalent  to  using  a  bar  of 
sufficient  length  to  make  it  practically  infinite  compared 
with  the  distance  between  the  focus  and  the  real  source  of 
light. 

The  instrument  has  been  designed  specially  for  use  in 
lighthouse  work,  where  it  becomes  of  the  highest 
importance  to  measure  accurately  the  total  light  given 
by  any  lamp,  and  not  only  that  emitted  in  any  one 
particular  direction,  which  may  or  may  not  be  the 
maximum. 

Sugg's  Travelling  Photometer.  —  As  this  instrument, 
shown  on  page  75,  has  been  chiefly  used  for  testing  the 
illumination  of  pavements  and  roadways,  and  consequently 
those  rays  emitted  at  various  angles,  it  comes  under  the 
head  of  angular  photometers. 

The  apparatus  consists  of  a  box  with  ventilating  top,  in 
which  a  Keates  sperm  oil  lamp  is  fixed.  The  light  from 
the  flame  is  reduced  to  that  equal  to  two  candles  by  means 
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of  a  slit  in  a  metal  screen  placed  horizontally  across  the 
centre  of  the  flame.  The  light  from  the  slit  passes  through 
one  side  of  the  box  through  a  wooden  tube  to  a  companion 
disc,  shaped  like  the  letter  A,  and  covered  on  both  sides 
with  white  paper.  A  newspaper  cutting  is  patched  over 
the  edge  of  the  disc,  so  that  a  portion  of  the  print  is  on 
each  side  of  it.  The  two  sides  are  separated  by  a  partition 
wliich  is  carried  up  some  distance  above  the  discs.    One 
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side — that  nearer  the  lamp — is  covered  so  that  no  other 
light  but  that  of  the  lamp  can  fall  upon  it ;  the  other  side 
is  left  open  to  receive  the  full  light  from  the  electric  or 
other  light  to  be  examined,  A  mirror  properly  placed 
enables  the  observer  to  see  both  sides  of  the  disc  at  once, 
and  thus  to  judge  of  the  relative  amount  of  light  falling  on 
each.  The  standard  degree  of  light  adopted  is  therefore 
equal  to  that  which  will  fall  on  a  white  surface  from  the 
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rays  of  two  candles  placed  at  a  distance  of  3ft.  from  that 
surface.  The  photometer  as  thus  used  is  on  the  Church 
and  Mann  principle ;  but  it  may  be  arranged  on  the  King 
principle,  and  thus  be  used  to  measure  the  amount  of  light 
falling  in  any  part  of  a  roadway  at  a  distance  of  3ft.  from 
the  ground. 

Some  of  the  results  obtained  by  the  use  of  this  instru- 
ment were  given  by  Mr.  W.  Sugg  in  a  paper  read  by  him 
before  the  Gas  Institute  some  time  since,  and  will  be  referred 
to  later  on  in  connection  with  the  subject  of  street  illumina- 
tion. At  present  our  subject  relates  merely  to  different 
methods  of  estimating  luminous  energy. 

In  connection  with  the  distribution  of  light  in  public 
places,  Mr.  Trotter  contributed  an  interesting  paper  to  the 
Institute  of  Civil  Engineers  in  1892,  when  he  described  the 
following  arrangement  (Fig.  17)  devised  by  himself  for  this 
purpose. 

A  small  electric  lamp  was  mounted  in  a  box,  so  that  it 
stood  5in.  above  the  ground.  The  current  was  obtained 
from  a  battery  of  four  Lithanodc  cells,  two  of  these  being 
capable  of  running  a  2 -candle  lamp  at  a  fair  brightness  for 
ten  hours  ;  but  in  order  to  allow  a  good  margin,  two  more 
cells  were  connected  in  parallel.  These  proved  to  be 
sufficient  for  the  purpase,  and  no  appreciable  change  in 
candle-power  was  observed  between  the  preliminary  calibra- 
tion and  the  one  which  followed  each  evening's  work.  A 
slightly  higher  power  is  given  immediately  after  charging^ 
but  a  quarter  of  an  hour's  continuous  discharge  seemed  to 
bring  the  battery  into  a  very  steady  condition.  The  lamp 
was  lighted  for  as  short  periods  as  possible,  about  ten 
seconds  being  sufficient  for  each  reading. 

The  light  from  this  lamp  was  received  on  a  reflecting 
screen  made  of  white  Bristol  cardboard  mounted  on  an  axis 
passing  through  its  upper  edge,  and  was  arranged  so  that  it 
could  fold  up  quite  out  of  the  range  of  the  beam  of  light 
from  the  lamp. 

Above  the  reflecting  screen,  a  simple  cardboard  screen 
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with  a  star-shaped  hole  cut  in  it  was  fixed  in  a  horizontal 
position,  so  that  the  observer  when  looking  down  on  the 
box  would  see  the  reflecting  screen  through  the  star-shaped 
opening.  The  Bunsen  screen  should  be  at  least  3  Jin.  square, 
and  the  star-shaped  hole  should  be  not  less  than  IJin, 
across. 

The  method  of  observation  consisted  in  inclining  the 
reflecting  screen  at  different  angles.  In  order  that  a  con- 
venient scale  might  be  provided,  motion  was  given  to  the 
reflecting  screen  by  a  fine  chain  wound  upon  a  snail  cam 

Fig.    17.— TROTTER'8    PHOTOMETER. 
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Sectional  Elevation. 

The  cam  was  designed  upon  the  assumption  that  the  illumi- 
nation on  the  screen  would  be  proportional  to  the  cosine 
of  the  angle  of  incidence  of  the  light  upon  it.  This  is  not 
strictly  the  case,  especially  as  a  convex  lens  was  used  in 
many  of  the  experiments  to  increase  the  available  light 
from  the  electric  lamp. 

The  object  of  the  snail  cam  was  merely  to  spread  the 
divisions  of  the  scale  more  evenly,  and  did  not  aim  at 
uniform  division.  The  scale  was  empirically  calibrated 
with  a  standard  candle. 

The  principal  object  of  the  measurements  of  illumination 


78  1  rotter's  Photometer. 

made  with  this  instrument  was  to  ascertain  the  nature  of 
the  distribution  of  light  in  various  streets  and  public  places ; 
a  second  object  was  to  find  the  amount  of  illumination  in 
candle-feet  for  such  places;  and  the  third  to  deduce  the 
candle-power  of  the  lights  which  produced  that  illumi- 
nation.* 


*  Trotter,  "The   Distribution  and  Measurement  of  lUumination,'* 
«*  Proceedings,"  Inst.  O.E.,  vol,  ex.,  part  iy. 
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CHAPTER  IV. 

ILLUMINATING  VALUE  OF  COAL  GAS. 

The  chapters  dealing  with  the  standards  of  light  and  the 
photometer  must  be  read  with  the  following,  which  only 
relates  to  that  part  of  the  subject  specially  dealing 
with  photometry  in  relation  to  the  estimation  of  the  value 
of  coal  gas  as  to  its  illuminating  power.  The  legal  test  of 
the  gas  in  this  respect  consists  in  burning  the  gas  at  the 
specified  rate  of  5  cubic  feet  per  hour  in  a  standard 
burner,  and  measuring  the  rays  emitted  therefrom 
in  a  horizontal  direction  only.  As  previously  explained, 
the  standard  of  light  employed  in  London  is  in  a  transi- 
tion state,  candles  being  used  in  the  older  pattern 
photometers,  but  in  the  stations  altered  under  the 
prescription  of  the  Gkis  Referees  the  modified  pentane 
Argand  is  employed  by  agreement  with  the  gas  com- 
panies. In  the  Provinces  this  alteration  has  not  yet  been 
made,  although  it  is  anticipated  that  in  the  future  a  similar 
change  will  be  efiected. 

The  photometer  and  standard  having  been  provided,  it  is 
essential  that  the  following  additional  apparatus  be  fitted 
thereto,  viz. : — 

(1)  An  experimental  wet  meter  indicating  the  rate  of 
consumption  of  the  gas  by  a  long  hand,  which  makes  one 
complete  revolution  on  the  dial  in  one  minute  for  every 
5  cubic  feet  of  gas  consumed  per  hour.  By  this  arrange- 
ment the  rate  of  consumption  is  readily  ascertained  by 
comparing  the  rate  of  movement  of  the  meter  hand  with 
that  of  the  seconds  hand  of  a  stop  watch  or  clock. 

In  most  modem  meters  employed  for  this  purpose  a 


80  Photometric  Acce8807*ie*. 

clock  attachment  is  mounted  on  the  top  of  the  meter,  which 
actuates  a  second  hand  travelling  over  that  of  the  meter, 
so  that  when  the  gas  is  passing  at  the  prescribed  rate  of 
5  cubic  feet  per  hour  the  two  hands  travel  tc^ether. 

(2)  A  delicately  balanced  governor  to  ensure  an  even 
rate  of  flow  of  gas  to  the  burner  during  the  period  of 
testing. 

(3)  A  micrometer  cock,  by  means  of  which  the  rate 
of  consumption  can  be  adjusted  with  the  greatest 
accuracy. 

(4?)  Syphons  on  all  the  connecting  pipes,  by  means  of 
which  any  water  accumulating  in  them  can  be  conveni- 
ently removed  by  turning  on  the  syphon  taps  for  a  few 
moments. 

(5)  In  order  to  enable  the  operator  to  ascertain  the 
pressure  of  the  gas  flowing  through  any  part  of  the 
apparatus,  a  delicate  pressure  gauge,  known  as  King's 
gauge,  should  be  fitted  by  connecting  pipes  to  (a)  the  inlet 
of  the  meter ;  (6)  the  outlet  of  the  meter ;  (c)  the  outlet  of 
the  governor ;  and  (d)  to  the  supply  to  burner  after  passing 
the  micrometer  cock. 

(G)  It  is  also  convenient  to  have  a  separate  stop  clock  to 
time  the  rate  of  combustion  of  sperm  by  the  candles,  when 
these  are  employed.  With  the  pentane  Argand  this  is  not 
required. 

The  following  instructions  were  given  by  the  author  in 
his  work  on  "  Practical  Photometry,"  already  referred  to, 
for  testing  the  accuracy  of  the  respective  part  of  the  above 
apparatus. 

Sy2yhons. — The  pipes  under  the  photometers  are  to 
be  cleared  by  opening  the  taps  on  the  bent  syphon-pipes 
until  all  water  condensed  therein  drains  out,  when  the  taps 
are  to  be  carefully  turned  off*. 

Meters, — The  water-line  is  to  be  noticed ;  and,  if  incon-ect, 
the  proper  quantity  of  water  must  be  added,  or  removed, 
until  the  true  level  is  obtained.  In  the  case  of  meters 
which  have  been  repaired,  the  original  line  on  the  glass  is 
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sometimes  incorrect ;  and  a  new  one  is  best  indicated  by  a 
mark  on  the  case  by  the  side  of  the  glass.  When  once  this 
is  done,  it  will  remain  true  until  the  meter  has  again  been 
to  the  makers  for  further  repairs,  when  the  true  line  must 
be  again  ascertained.  The  meter  is  then  tested  by  the  cubic- 
foot  bottle  according  to  the  instructions  laid  down  by  the 
Gas  Referees. 

The  King's  Gauge  has  now  to  be  seen  to;  and  the 
water-line  and  pointer,  if  necessary,  adjusted  as  already 
described. 

The  Balance  Governor  is  next 'examined,  and  water 
added  if  required. 

Test  for  Leakage. — Remove  the  standard  burner  from  its 
support,  which  is  done  by  lifting  it  out  of  its  socket  or 
unscrewing,  as  the  case  may  l)e ;  and  screw  on  the  cap 
provided  for  this  purpose  over  the  pipe.  Then  turn  the 
gas  full  on,  and  note  the  long  hand  of  the  meter.  At  first 
a  small  quantity  of  gas  will  pass  until  the  pressure  is 
equalised,  after  which  the  meter  hand  should  remain  steady. 
This  being  satisfactory,  the  burner  is  replaced  and  the  gas 
lighted. 

King's  Gauge, — Next  test  the  apparatus  by  means  of 
this  gauge.  Open  the  outlet  tap  on  the  side,  and  shut  off 
all  inlet  taps,  when  the  pointer  will  fall  to  zero.  Shut  off 
the  outlet  tap,  and  open  that  indicated  as  "inlet  of 
meter."  The  pointer  should  indicate  a  little  over  lin.  In 
case  this  should  not  be  so,  adjust  the  weights,  or  screw,  on 
the  initial  governor  under  the  bench  until  the  proper  pres- 
sure is  obtained,  when  the  inlet  tap  to  the  gauge  is  shut  off. 

Next  open  the  tap  marked  "outlet  of  meter."  The 
pointer  should  fall  back  from  one  to  two-tenths.  If  it  fall 
more  than  this,  probably  the  meter  bearings  require  a  little 
oil,  which  is  applied  by  putting  a  few  drops  in  the  slanting 
pipe  at  the  back  of  the  meter.  Then  shut  off  the  "  outlet 
of  meter"  tap  ;  and  open  that  marked  "  outlet  of  governor." 
The  pointer  should  again  fall  back,  and  indicate  from  six- 
tenths  to  seven-tenths.    In  case  it  does  not  do  so,  obtain 
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that  pi-essure  by  increasing  or  decreasing  the  weights  on 
the  l>alance  governor,  which  will  then  work  satisfactorily. 
In  like  manner  asceii^in  the  pressure  after  the  regulating 
cock,  or  "  point  of  ignition,"  as  it  is  sometimes  called.  As 
before  stated,  this  is  a  quantity  which  slightly  varies  with 
different  bumei-s  ;  but,  when  once  ascertained,  it  is  a  useful 
guide. 

If  these  operations  are  carefully  performed,  the  gas- 
carrying  and  regulating  portion  of  the  apparatus  will  be 
known  to  be  in  good  order,  and  the  tests  may  be  proceeded 
with,  after  the  following  further  examinations  have  been 
satisfactorily  made. 

Standard  and  Meter  Clocks. — These  are  to  be  carefully 
compared  over  a  period  of  ten  minutes.  The  error  of  the 
meter  clock  should  not  exceed  two  seconds  in  that  time.  If 
it  is  more  than  this,  the  glass  face  is  removed  and  the 
regulating  index  slightly  altered,  until  on  further  trials  the 
two  clocks  work  together. 

Candle-balance, — This  should  be  clean  and  free  from 
dust  and  droppings  of  sperm  from  the  candles,  especially 
under  the  candle-holder,  as  a  very  slight  quantity  is  suffi- 
cient to  cause  the  balance  to  "  stick,"  and  so  give  erroneous 
results.  The  candles  are  to  l>e  placed  in  position  and 
lighted,  when  they  must  be  counterpoised  and  the  time 
noted  for  the  candle  end  of  the  balance  to  rise  and  come  to 
rest.  This  should  not  exceed  fiv^e  or  six  seconds.  If  it  is 
greati^-r  or  less  than  this  period,  the  balance  must  be 
adjusted  by  screwing  the  ball  on  the  top  up  or  down  until 
on  further  trials  the  proper  rate  is  attained, 

Tlie  Disc. — After  having  adjusted  the  gas-flame  to  about 
oft.  per  hour,  and  placed  the  candles  in  good  burning  condi- 
tion in  the  balance,  proceed  to  take  a  series  of  readings ; 
and  then  reverse  the  disc  and  again  read.  This  is  to  be 
done  several  times ;  and  the  mean  results  of  the  readings, 
with  the  disc  in  each  position,  noted.  If  the  disc  and 
mirrors  are  in  good  order,  the  results  should  be  alike ;  but, 
if  they  disagree,  a  new  disc  is  to  be  put  in  position,  and  the 
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operations  repeated,  until  a  good  disc  is  obtained.  In  the 
case  of  an  Evans  photometer,  these  readings  should  be  made 
with  the  two  end  doors  open. 

The  Velvet  Curtains,  &c.,  of  the  photometer  should  be 
kept  free  from  dust,  which  is  a  great  reflector  of  light,  and 
a  dreadful  tell-tale  of  the  reliance  to  be  placed  on  an 
operator's  work. 

Cvbic  Foot  Bottle. — For  the  purpose  of  correcting  the 
water-line  of  the  meter  a  properly  fitted  gas-testing  station 
should  be  supplied  with  a  means  of  passing  a  measured 
volume  of  air  or  gas  through  the  meter.  For  this  purpose 
the  cubic-foot  bottle  is  generally  employed. 

Although  in  reality  very  simple,  the  apparatus  requires 
care  in  handling  in  order  to  obtain  reliable  results.  It 
consists  of  an  egg-shaped  metal  ve&sel  having  a  capacity 
between  the  two  water-lines  on  the  top  and  bottom  tubes  of 
exactly  one  cubic  foot.  At  the  bottom  there  is  an  inlet  tap 
for  the  admission  of  water  from  an  overhead  tank  or  other 
convenient  source.  The  bottle  being  empty,  this  tap  should 
be  turned  gently  to  admit  a  small  quantity  of  water  to  the 
bottom  glass  tube  until  it  rises  to  the  paper  mark  indicating 
the  lower  water-line.  The  tap  is  then  closed,  and  the  three- 
way  tap  at  the  top — which  should,  during  the  above 
operation  have  been  opened  to  the  external  air  to  allow  the 
air  or  gas,  as  the  case  may  be,  to  escape  when  the  water  was 
admitted — must  now  be  turned  so  as  to  open  a  through 
passage  to  the  pipe  leading  to  the  inlet  of  the  meter.  The 
meter  hand  must  now  be  brought  to  zero  by  passing  gas 
through  the  meter,  and  the  position  of  the  small  index  hand 
denoting  tenths  of  feet  carefully  noted.  The  micrometer 
cock  being  adjusted  to  pass  gas  at  the  rate  of  five  cubic  feet 
per  hour  to  the  burner,  the  tap  admitting  water  to  the 
cubic-foot  bottle  must  now  be  carefully  opened  so  &s  to 
cause  a  pressure  of  gas  on  the  gauge  attached  to  the  bottle 
to  indicate  lin.  'of  water  pressure.  The  air  or  gas  in  the 
bottle  (gas  is  now  generally  employed)  will  now  pass  to 
and  through  the  meter.    The  gauge  must  be  watched  to  see 
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that  the  pressure  does  not  greatly  exceed  lin.  When  the  bottle 
is  full  of  water  to  the  top  water-line,  which  should  take 
twelve  minutes,  the  w^ater  supply  tap  must  be  shut  off, 
and  if  the  meter  is  correct  the  large  hand  will  have  made 
exactly  twelve  complete  revolutions,  thereby  indicating  the 
passage  of  exactly  one  cubic  foot  of  gas  through  the  meter. 
Should  it  stop  short  of  the  zero  mark,  it  will  indicate  that 
the  capacity  of  the  meter  is  too  great,  and  therefore  the 
water-line  is  too  low,  and  more  water  should  be  added  in 
about  the  proportion  of  1  oz.  for  1  per  cent,  of  error.  If  the 
hand  has  passed  thf*  zero  mark  the  converse  is  the  case,  and 
water  should  be  withdrawn.  These  operations  should  be 
repeated  until  the  meter  is  correct. 

It  facilitates  the  observation  of  the  rate  of  flow  of  water 
into  the  bottle  if  this  is  providec?,  as  formerly  suggested  by 
the  writer,  with  a  glass  water-gauge  tube,  by  means  of 
which  the  operator  can  see  at  a  glance  how  the  test  is  pro- 
gressing. This,  of  course,  can  be  done  equally  well  by 
watching  the  meter  hands,  but  in  practice  the  gauge  is  a 
great  convenience,  and  nearly  all  cubic-foot  bottles  are  now 
so  provided. 

A  modified  form  of  this  bottle  is  prescribed  by  the 
Gas  Keferees.  This  has  a  capacity  of  only  one-twelfth  of  a 
cubic  foot. 

The  record  of  all  tests  should  be  entered  at  once  as  they 
are  taken  in  a  book  kept  for  the  purpose. 

A  "  test "  will  consist  of  the  average  of  ten  readings  of 
the  photometer  disc.  These  are  then  to  be  corrected  for  the 
candle  consumption,  and  the  result  again  corrected  for 
variations  in  the  rate  of  the  gas  consumed  in  consequence 
of  its  expansion  or  contraction  from  the  standard  volume 
by  reason  of  the  barometrical  pressure  and  the  temperature. 
Tables  are  provided  in  the  Instructions  of  the  Gas  Referees, 
by  means  of  which  the  necessary  calculations  are  greatly 
facilitated.  In  fact,  the  operation  consists  in  finding  in  the 
table  the  "  tabular  number  "  corresponding  to  the  observed 
indications  of  the  barometer  and  the  thermometer  attached 
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to  the  meter,  and  dividing  the  illuminating  power  ascer- 
tained after  correcting  for  candle  consumption. 

Further  testings  are  made  of  the  purity  of  the  gas  in 
regard  to  the  quantity  of  ammonia,  sulphur,  and  sulphuretted 
hydrogen,  but  as  these  substances  do  not  affect  our  present 
purpose,  they  need  not  here  be  further  referred  to.     The 

methods  employed,  however,  are  fully 
given  in  the  Instructions  of  the  Metro- 
politan Gas  Referees,  which  will  be 
found  in  the  Appendix. 

The  testings  for  pressure,  however,  are 
most  important  so  far  as  they  relate  to 
the  utilisation  of  the  gas  and  its  regula- 
tion to  the  burners;  but  in  regard  to 
the  legal  aspect  it  has  little  practical 
value,  as  the  standard  of  VVin.  between 
midnight  and  sunset,  and  1  in.  between 
sunset  and  midnight,  is  altogether  too 
low  to  meet  the  requirements  of  con- 
sumers, who,  unless  better  supplied, 
would  soon  inundate  the  companies  with 
complaints. 

In  certain  cases  on  high-pressure 
mains  it  is  necessary  to  use  special  high- 
pressure  governors,  but  these  are  alto- 
gether exceptional  cases. 

The  pressure  tests  are  carried  out  in 
London  on  the  street  lamps.  The 
examiner  has  to  remove  the  lantern  and 
fix  on  the  supply  pipe  a  pressure  gauge 
(Fig.  18), specially  designed  forthe  purpose 
by  the  Gas  Referees,  a  wood-cut  of  which  is  given.  It  will  be 
seen  that  the  arrangement  is  merely  an  ordinary  U-tube 
pressure  gauge  fitted  in  a  special  form  of  lantern.  The 
usual  simple  U-tube  gauge  would  answer  the  purpose 
equally  well,  as  the  surrounding  casing  is  merely  extra- 
neous and  ornamental. 


Fig.   18. 
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In  the  Gasworks  Clauses  Act  it  is  stated  that  the  com- 
pany shall  provide  a  properly-fitted  station  for  testing  the 
illuminating  power  and  purity  of  the  gas,  but  no  specific 
position  is  assigned  for  the  station,  which  is  usually  that 
arranged  by  the  company  for  its  own  purposes.  In  the 
Metropolis  Gas  Act  of  1860,  relating  to  the  testing  of  the 
London  gas,  it  was  first  provided  that  the  site  of  the 
testing  place  should  be  within  1000  yards  of  the  gasworks, 
but  subsequently  in  187G  this  was  altered  so  as  to  leave 
the  Gas  Referees  a  free  hand  in  fixing  the  position  of  the 
stations,  in  order  that  the  gas  might  be  tested  in  the 
district  in  which  it  was  used  rather  than  in  the  near 
proximity  to  the  making  places. 

The  necessity  for  more  effective  methods  of  testing  the 
illuminating  power  of  the  gas  as  supplied  to  the  consumers 
has  been  frequently  pointed  out  by  the  writer  in  the 
course  of  various  official  reports,  in  consequence  of  the 
discovery  that  the  gas  supplied  in  the  districts  away  from 
the  ofiicial  gas-testing  stations  was  very  frequently  10  per 
cent,  and  even  20  per  cent,  below  the  standard.  This  fact  was 
also  pointed  out  at  Liverpool  by  Mr.  Bellamy,  who  adopted 
the  system  of  testing  the  quality  of  the  gas  by  the  port- 
able photometer,  with  the  result  that  the  supply,  although 
in  the  hands  of  a  company,  was  immediately  equalised 
throughout  the  district,  so  that  all  consumei-s  are  now 
supplied  with  gas  of  equal  value. 
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CHAPTER  V. 

JET     PHOTOMETER. 

A  DESCRIPTION  of  the  various  forms  of  photometers  would 
not  probably  be  considered  complete  without  some  reference 
to  those  instruments  which  more  strictly  belong  to  the  class 
of  indicators  rather  than  to  light  measures.  These  are  the 
jet  photometers  and  illuminating  power  meter.  The 
principle  of  these  depends  upon  the  fact  that  at  a  given 
pressure  the  volume  of  gas  which  will  pass  through  a  given 
aperture  varies  with  its  specific  gravity.  On  the 
assumption  that  the  higher  the  gravity  of  the  gas  the 
greater  will  be  its  light-giving  propertj'-,  it  follows  that  the 
quantity  of  gas  required  to  yield  a  ilame  of  given  size  will 
vary  with  its  quality,  and  that  this  quality  may  be  roughly 
indicated  by  either  measuring  the  pressure  of  the  gas  at  the 
point  of  ignition  or  aperture  of  outlet,  or  by  measuring  the 
actual  volume  of  gas  consumed  in  a  given  time. 

Whilst  each  of  these  factors  are  open  to  considerable 
variation,  according  to  circumstances,  yet  instruments  based 
upon  them  are  of  undoubted  value  when  the  coal  gas  is 
manufactured  under  ordinary  conditions  ;  but  when  there  is 
an  excess  of  carbonic  acid  in  the  gas,  or  it  is  largely  charged 
with  "water  gas"  and  petroleum  vapour,  the  conditions 
became  so  changed  that  the  indications  of  the  **jet" 
photometers  must  undergo  careful  re-adjustment  for  each 
particular  quality  of  gas  employed.  In  short,  whilst  these 
instruments  are  of  the  greatest  value  on  gasworks  as  guides 
to  those  in  charge,  they  are  not  photometers,  and  should 
never  be  used  as  such. 

Lowe's  Jet  Photometer^  improved  by  Sugg. — This  instru- 
ment (Fig.  19)  is  a  delicate  pressure  gauge  with  a  jet  burner 


Jtt  PhotoTneter 


Jet  Photometer.  80 

on  the  top,  from  which  a  gas  flame  7in.  in  height  is  burnt 
The  indicator  is  .a  pointer  actuated  by  a  float  in  the  body  of 
the  instrument,  which  float  is  elevated  by  the  pressure  of  the 
gas  admitted  through  the  inlet  pipe  from  the  main.  The 
pointer  indicates  upon  the  dial  pressures  in  hundredths  of 
an  inch  up  to  1  Jin.  With  the  exception  of  the  "jet,"  the 
contrivance  is  simply  a  King's  gauge,  having  a  delicate 
regulating  cock,  and  a  water-line  regulator. 

The  following  directions  are  given  for  its  adjustment  and 
use : — In  fixing  the  instrument,  care  must  be  taken  to  have 
it  placed  perfectly  level  upon  a  firm  base,  so  as  not  to  be 
aflfected  by  vibration  or  other  disturbing  causes.  Fill  the 
tank  with  water  up  to  the  overflow  line.  Hang  on  the 
float  so  that  it  falls  on  the  left  side  of  the  wheel.  Let  the 
balance-weight  cord  have  one  turn  round  the  wheel ;  and  it 
will  then  hang  close  up  to  the  wheel  on  the  right  side. 
Hold  the  wheel  with  the  thumb  and  finger  of  one  hand,  and 
shift  the  pointer  (which  is  friction-tight  on  the  shaft)  with 
the  other,  till  it  stands  at  zero,  taking  care  that  it  works 
freely.  It  is  necessary  once  a  day  to  turn  off"  the  inlet  cock 
and  open  the  vent  cock,  in  order  to  ascertain  whether  the 
pointer  will  fall  to  zero  when  the  pressure  is  ofi*.  If  it  does 
not  do  so,  the  water-line  must  be  re-adjusted  as  follows : — 

Turn  on  the  cock  between  the  well  of  the  pressure  gauge 
and  the  brass  cylinder  fixed  on  the  left-hand  side  of  the 
instrument,  which  latter  is  the  water-line  regulator.  When 
this  cock  is  open,  the  water  in  the  cylinder  rises  to  the 
height  of  that  in  the  well.  A  plunger,  which  nearly  fits 
the  cylinder,  is  attached  to  the  cover  of  the  latter  by  means 
of  a  fine-screwed  piston-rod  terminating  in  a  milled  head. 
If  it  is  made  to  descend  into  the  water,  it  causes  a  displace- 
ment equal  to  the  bulk  of  that  portion  which  is  forced 
below  the  water-line;  and  the  water  displaced  passes  into  the 
well  of  the  pressure  gauge,  moving  the  pointer  in  the 
direction  above  zero.  If,  on  the  other  hand,  the  plunger  is 
raised  out  of  the  water  in  the  cylinder,  the  bulk  withdrawn 
is  immediately  replaced   by  water  from   the  well  of  the 
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pressure  gauge,  and  the  pointer  is  moved  ia  the  direction  ot 
zero. 

As  a  modification  of  the  jet  photometer,  Messrs.  W- 
Parkinson  and  Co.  make  a  self-registering  photographic  jet 
photometer  devised  by  Messra.  Gibbons  and  McEwens. 

The  apparatus  (Fig.  20)  consists  ot  an  ebonised  case  of  well- 
seasoned  pinewood.  The  compartment  where  the  jet  burner 
is  fixed  is  lined  with  tin,  and  stained  black.  There  are 
four  doors,  one  to  each  compartment,  made  of  walnut,  with 
patent  catches,  the  top  dooi-u  being  fitted  with  plate  glass 


and  the  bottom  with  ruby  glass,  tht;  latter  to  cut  ofl"  any 
actinic  rays  from  entering  the  case. 

The  gas  to  be  tested  is  brought  in  at  cock  A,  and  taken 
to  experimental  governor  B,  from  there  to  the  KingV  gauge 
C,  which  indicates  pressure  on  the  scale  at  the  side  of  the 
case  in  tenths  of  an  inch  ;  then  from  King's  gauge  the  gas 
is  taken  to  the  jet  burner  D,  behind  which  is  placed  a  pair 
of  graduated  glass  scales  divided  into  inches  and  tenths,  the 
length  of  flame  with  a  standard  quality  of  gas  being 
limited  to  about  oin.  in  height. 


Jl/iyistercn^  Jet  FkutoiiUitti: 
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The  light  from  the  flame  passes  through  a  small  slot  in 
the  camera  bracket  E,  which  acts  as  a  lens  and  inverts  the 
image  of  the  flame  upon  the  drum  F,  round  which  is 
stretched  a  sheet  of  sensitive  bromide  paper,  which  is  acted 
upon  by  the  actinic  rays  from  the  gas  flame.  This  drum  is 
enclased  in  a  light-proof  mahogany  box,  the  drum  being 
driven  by  the  clock  situated  above  it,  once  round  in  twenty- 
four  hours,  exposing  about  Jin.  surface  of  paper  per 
hour. 

The  instrument  is  designed  to  photograph  continuously 
the  height  of  a  coal-gas  flame,  and  to  record  it  upon  sensi- 
tised paper,  which  record  can  be  kept  for  future  reference 
as  to  the  actual  illuminating  power  of  the  gas  delivered  at 
any  date,  time,  or  place.  It  will  also  be  found  most  useful 
to  gas  engineers  during  the  coal-testing  periods,  when 
records  of  the  quality  of  the  gas  given  by  various  samples 
of  either  coal  or  cannel  may  be  taken,  compared,  and  filed. 
Records  may  be  taken  periodically  in  order  to  see  that  the 
contractor  is  maintaining  the  quality  of  supplies  equal  to 
that  of  his  sample. 

There  is  an  adjusting  wire  in  front  of  the  drum  which 
defines  upon  the  paper  by  a  white  line  the  illuminating 
power  of  the  gas  which  is  required  to  be  made  (this  line  being 
adjusted  by  an  ordinary  bar  photometer),  and  if  the  gas  be 
of  higher  or  lower  illuminating  power,  as  indicated  by  the 
lengthening  or  shortening  of  the  flame,  it  will  record  itself 
over  or  under  the  illuminating  power  line,  as  the  case  may 
be.  To  make  sure  that  the  pressure  has  been  constant 
during  the  test,  a  pressure  line  is  recorded  along  the  bottom 
of  the  diagram.  The  paper  being  developed  in  the  usual 
way,  shows  a  graphic  delineation  (Fig.  21)  of  the  quality 
of  gas  sent  out  from  the  works.  The  inventors  suggest  that 
the  print  could  be  produced  in  case  of  any  dispute  with  the 
authorities  as  to  the  intensity  of  illumination. 

Sugg's  Illuminating  Poicer  Meter. — In  February,  lb76^ 
Mr.  Sugg  read  a  paper  before  the  Institution  of  Civil 
Engineers  on  "  Estimating  the  Illuminating  Power  of  Coal 
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Gas/'  from  which  the  following  description  of  the  illumi- 
nating power  meter  is  extracted : — 

This  instrument  was  designed  by  the  inventor  principally 
for  the  purpose  of  aiding  engineers  in  the  examination  of 
coal  and  other  substances  suitable  for  gas-making.  It  is 
intended  to  test  the  illuminating  quality  of  all  gases  under 
similar  circumstances,  and  to  show  their  relative  commercial 
value. 

A  "  London  "  Argand  burner,  provided  with  a  cylindrical 
chimney,  is  fixed  on  the  top  of  a  pillar  screwed  on  to  a 
hollow  i-ectangular  base,  which  is  firmly  soldered  to  the 
outer  case  of  an  experimental  meter.  This  base  has  no 
communication  with  the  inside  of  the  meter  case.  That 
part  of  the  pillar  between  the  top  of  the  base  and  the  burner 
forms  a  cock,  the  gas-way  of  which  is  not  drilled  in  the 
usual  manner,  but  is  slotted  across  the  plug.  The  sides  of 
the  gas-way  being  parallel  to  each  other,  the  cock  opens 
when  the  lever  is  turned  by  i*egular  gradations  until  it  is 
full  open.  A  quadrant,  divided  into  forty-five  equal 
divisions,  attached  to  the  cock,  enables  the  operator  to 
regulate  the  flow  of  gas  to  any  required  rate  with  precision. 
Above  the  quadrant  a  sighting  frame  is  fixed,  having  two 
upright  pillars,  crossed  by  a  flat  bar  at  one  end,  and  at  the 
opposite  end  a  frame  fitted  with  blue  glass.  A  scratch  is 
made  across  the  glass  exactly  Sin.  above  the  solid  part  of 
the  fi-ame.  The  bottom  of  the  opening,  the  top  of  the 
burner,  and  the  termination  of  the  thick  part  of  the  back 
columns  are  all  on  the  same  level.  The  scratch  on  the  glass, 
and  the  bar  which  crosses  the  back  pillars,  are  also  on  the 
same  level,  and  parallel  to  the  three  lower  points  just 
mentioned.  By  these  arrangements  the  operator  is  enabled 
to  adjust  the  height  of  the  flame  to  the  level  of  the  scratch 
and  the  back  bar. 

On  the  left  side  of  the  hollow  base  on  which  the  pillar 
stands  is  a  tube  which  connects  this  base  to  the  outlet  of  a 
double  governor,  which  serves  to  maintain  uniformity  of 
pressure  during  the  time  the  instrument  is  in  use. 
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On  the  right  of  the  hollow  base  is  fixed  a  two-way  cock, 
with  a  lever  ending  in  a  knob  fixed  to  its  plug.  The  cock 
is  quarter  stopped  ;  so  that  when  it  is  turned  in  one  direc- 
tion as  far  as  the  stop,  it  is  full  open,  and  in  communication 
with  the  inside  of  the  meter,  which  is  full  of  measured  gas. 
In  this  position  the  measured  gas  passes  through  the  length 
of  the  plug  of  the  cock,  and  by  means  of  a  tube  fixed  to 
the  end  of  the  cock  at  one  end,  and  to  the  inlet  of  the 
double  governor  at  the  other,  it  finds  its  way  through  the 
governor  to  the  hollow  base,  and  finally  to  the  burner. 
While  the  gas  is  passing  to  the  burner  by  this  route,  the 
measuring  drum  of  the  meter  revolves ;  but  if  the  lever  of 
the  cock  is  turned  in  the  opposite  direction  until  it  meets 
the  stop,  another  route  is  opened  for  the  passage  of  the 
gas.  Now  it  proceeds  directly  from  the  inlet  of  the  meter 
without  passing  into  the  measuring  drum,  through  the 
length  of  the  plug  of  the  cock,  and  out  by  the  same  tube 
as  before  to  the  inlet  of  the  governor,  thence  to  find  its 
way  to  the  hollow  base  and  the  burner.  In  this  position  of 
the  lever  the  measuring  drum  of  the  meter  is  at  rest,  and 
the  gas  is  unmeasured.  The  governor  having  been  pro- 
perly adjusted,  and  the  meter  having  from  eight-tenths  to 
ten-tenths  of  pressure  at  its  inlet,  this  change  in  the 
position  of  the  lever  will  not  influence  the  height  of  the 
fiame.  The  index  hand  is  attached  to  the  arbor  of  the 
measuring  drum,  and  revolves  with  it;  both  making  a 
revolution  in  the  same  time.  The  dial  is  divided  into* 
divisions  coiTcsponding  with  the  illuminating  power,  in 
average  parliamentary  standard  sperm  candles,  of  the 
different  qualities  of  gas  which  will  give  a  flame  of  Sin.  in 
height.  Thus,  if  the  meter  is  supplied  with  16-candle 
gas,  and  the  flame  is  maintained  at  3in.,  the  index  hand 
will  make  one  complete  revolution  in  one  minute.  If  the 
meter  is  supplied  with  12-candle  gas,  and  the  flame  is 
maintained  at  the  Sin.  line,  the  hand  will  make  one 
revolution  and  a  part  of  another,  arriving  at  the  figure  12 
in  one  minute.    With  20-candle  gas  it  will  make  less  than 
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a  complete  revolution  in  one  minute,  and  arrive  at  20. 
The  instrument  is  provided  with  a  minute  clock  with  one 
pointer  hand,  which  makes  a  complete  circuit  of  the  small 
dial  in  one  minute.  This  dial  is  divided  into  60  equal 
divisions  representing  seconds. 

On  the  right  of  the  cylinder  which  forms  the  outside 
case  of  the  meter  is  the  water-line  gauge,  fitted  with  back 
and  front  glasses.  At  the  correct  water-line  these  glasses 
are  scratched  across.  On  the  top  of  the  water  gauge  is  a 
large  nut,  which  can  be  unscrewed  when  it  is  required  to  fill 
the  meter  or  clean  the  gauge  glasses.  The  plug  at  the 
lower  part  of  the  gauge  is  for  the  purpose  of  running  out 
the  water  when  there  is  too  much  in  the  meter. 

The  mode  of  making  a  test  is  very  simple.    Turn  the 

lever  so  as  to  make  the  gas  pass  through  the  measuring 

drum,  and  let  it  get  rid  of  all  air  or  other  kinds  of  gas  in 

it.     Light  the  burner  and  adjust  the  flame  to  Sin.  in  height. 

Then,  when    the  large  hand  arrives  at   16,  change  the 

position  of  the  lever,  so  as  to  make  the  gas  pass  to  the 

burner  without  going  through  the  measuring  drum.     The 

large  hand  will  then  stop  at  16.     Wind  up  the  clock  by 

means  of  the  remontoir  on  the  top  of  the  meter  just  in 

rear  of  the  dial  ring.     Start  the  clock  by  moving  the  slide, 

which  is  on  the  left  of  the  meter,  close  to  the  governor. 

Then,  when  the  hand  of  the  clock  is  passing  any  one  of  the 

divisions  of  the  minute,  change  the  position  of  the  lever  of 

the  bye-pass,  so  as  to  make  the  gas  pass  through  the  meter. 

When  the  minute  hand  has  made  one  complete  revolution, 

stop  the  meter  by  means  of  the  lever,  in  the  manner  before 

described,  and  read    off   the    illuminating    power.      The 

minute  clock  should  not  be  stopped  either  before  or  after 

the  observation,  unless  it  is  desired  to  put  the  clock  entirely 

at  rest. 


(    9«    ) 


CHAPTER    YI. 

PHYSICAL  PROPERTIES  OF  COAL  GAS. 

The  term  ''gas"  is  a  generic  one,  embracing  all  those 
substances  which  have  uniform  characteristics,  viz., 
invisibility,  impalpability,  compressibility.  They  are 
capable  of  almost  indefinite  expansion  and  compression, 
under  which  they  become  first  liquid  and  then  solid. 
Steam  is  an  admirable  example  of  a  gaseous  body.  At  a 
temperature  alx)ve  212  F.,  it  is  an  invisible,  elastic  sub- 
stance. TVhen  cooled  below  212'  F.,  it  becomes  liquid,  and 
is  then  known  as  water.  At  a  temperature  below  32""  F., 
it  becomes  solid,  or  ice.  The  physical  difference  between 
coal  gas  and  steam  is  that  these  temperature  boundaries, 
as  we  may  call  them,  are  far  wider  removed  from  one 
another  in  the  case  of  coal  gas  than  they  are  in  the  case  of 
steam  ;  and,  moreover,  instead  of  being  a  comparatively 
simple  molecular  body  composed  of  only  two  groups  of 
elements,  viz.,  hydrogen  and  oxygen,  as  in  the  case  of 
steam,  coal  gas  is  a  highly  complex  mixture  of  chemical 
combinations  of  those  two  elements,  together  with  carbon 
in  considerable  abundance,  and  a  little  nitrogen  and 
sulphur. 

Passing  over  the  question  of  chemical  composition  for 
the  moment,  the  point  of  immediate  importance  for  con- 
sideration is  that  of  diffusion,  as  upon  this  principle 
depends  much  of  the  work  done  in  regard  to  the  utilisation 
of  coal  gaa 

Solid  substances  when  mixed  together  and  left 
under  ordinary  circumstances,  will  remain  in  the  con- 
dition in  which  they  are  left,  but  certain  liquids — 
water  and  turpentine,  for  instance — will  rapidly  separate 
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into  two  distinct  layers,  that  having  the  greatest  density 
being  at  the  bottom.  Other  substances,  such  as  water  and 
alcohol,  if  gently  poured  into  the  same  vessel,  will  gradually 
combine  into  one  with  no  line  of  demarcation  between 
them.  This  act  of  combination  is  known  as  diffusion. 
The  way  in  which  atmospheric  air  is  diffused  or  dissolved 
in  water  which  has  been  boiled  and  cooled  out  of  contact 
with  air,  affords  a  striking  example  of  the  manner  in  which 
diffusion  takes  place.  By  the  following  method  this  action 
may  be  watched  in  the  most  charming  manner.  If  a  jar 
of  water  be  treated  with  a  few  drops  of  a  strong  solution 
of  the  true  hyposulphite  of  soda  (not  the  common  "  hypo  " 
of  the  photographer),  the  oxygen  dissolved  in  the  water 
will  be  rapidly  absorbed ;  the  point  at  which  it  disappears 
is  easily  discernible  by  adding  a  few  drops  of  a  solution  of 
sulphindigotic  acid  which,  when  the  oxygen  is  present, 
will  impart  a  blue  colour  to  the  water.  When  the  oxygen 
is  all  absorbed  the  blue  colour  is  changed  to  a  pale 
yellowish  tint.  If  the  neutral  point  is  exactly  hit,  showing 
that  all  the  oxygen  dissolved  in  the  water  has  been  absorbed 
by  the  hyposulphite,  the  re-absorption  of  fresh  quantities 
of  oxygen  will  immediately  become  visible  by  its  action  in 
re-oxidising  the  indigo  solution,  which  will  be  seen  to 
gradually  change  throughout  the  depth  of  the  liquid  as  the 
oxygen  diffuses  into  and  through  the  water.  This  experi- 
ment is  very  striking.  The  effect  can  be  repeated  again 
and  again  by  adding  fresh  quantities  of  the  hyposulphite 
in  quantity  just  sufficient  to  discharge  the  blue  colour  of 
the  indigo.  There  are  various  other  ways  of  demonstrating 
the  same  action,  but  few,  if  any,  better  than  the  foregoing. 
The  water  should  be  perfectly  still  at  the  time  of  the  experi- 
ment in  order  that  it  may  be  seen  that  the  diffusion  is 
purely  due  to  molecular  action,  and  not  to  any  ordinary 
process  of  mixing. 

Just  as  the  gaseous  oxygen  diffuses  into  water,  so 
will  it  diffuse  into  another  gas  whenever  the  opportunity 
presents  itself ;  and  in  like  manner  any  two  gases  when 
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brought  into  contact  will  more  or  less  rapidly  diffuse  one 
into  the  other,  and  thus  form  a  combined  medium  in  which 
the  component  elements  are  equally  distributed  throughout. 
The  degree  of  rapidity  of  this  diffusion  will  depend  upon 
the  specific  gravity  of  the  gas  in  question.     *  "  All  gases, 
according  to  the  kinetic  theory,  are  composed  of  molecules 
in  rapid  motion,  which  have  been  compared  to  elastic  balls, 
which  lose  no  energy  when  they  come  into  collision ;  and 
hence,  as  these  collisions  occur  at  infinitely  minute  intervals, 
there  is  a   constantly  varying  alteration    of  velocity  in 
direction    and    magnitude."      "Thus    the    velocity    of   a 
molecule  is  made  up  of  two  factors ;  one,  called  the  velocity 
of  the  medium,  is  the  same  for  all  the  molecules,  while  the 
other,  called  the  velocity  of  agitation,  is  irregular  both  in 
magnitude  and  direction."     "  The  result  of  this  motion  is, 
that  if  in  any  part  of  the  medium  the  molecules  are  more 
numerous  than  in  a  neighbouring  region,  more  molecules 
will  pass  from  the  first  region  to  the  second  than  in  the 
first  direction ;  and  for  this  reason  the  density  of  the  gas 
will  tend  to  become  equal  in  all  parts  of  the  vessel  contain- 
ing it,  except  in  so  far  as  the  molecules  may  be  crowded 
towards  one  direction  by  the  action  of  an  external  force, 
such  as  gravity.     Since  the  motion  of  the  molecules  is  very- 
swift,  the  process  of  equalisation  of  density  in  a  gas  is  a 
very  rapid  one,  its  velocity  of  propagation  through  the  gas 
being  that  of  sound."    "  Let  us  now  consider  two  gases  in 
the  same  vessel,  the  proportion  of  gases  being  different  in 
the  different  parts  of  the  vessel,  but   the  pressure  being 
everywhere  the  same.     The  agitation  of  the  molecules  will 
still  cause  more  molecules  of  the  first  gas  to  pass  from 
places  where  that  gas  is  dense  to  places  where  it  is  rare, 
than  in  the  opposite  direction ;  but  since  the  second  gas  is 
dense,  where  the  first  one  is  rare,  its  molecules  will  be,  for 
the  most  part,  travelling  in  the  opposite  direction.     Hence 
the  molecules  of  the  two  gases  will  encounter  each  other, 
and  every  encounter  will  act  as  a  check  to  the  process  of 

♦  *•  Ency,  Britt.,"  vol.  vii.,  page  215. 
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equalisation  of  the  density  of  each  gas  throughout  the 
mixture." 

"  The  interdiffusion  of  two  gases  in  a  vessel  is,  therefore, 
a  much  slower  process  than  that  by  which  the  density  of 
a  single  gas  becomes  equalised,  though  it  appears  from  the 
theory  that  the  final  result  is  the  same,  and  that  each  gas 
is  distributed  through  the  vessel  in  precisely  the  same  way 
as  if  no  other  gas  had  been  present,  and  this  even  when  we 
take  into  account  the  effect  of  gravity." 

"  The  values  of  the  coefficients  of  several  pairs  of  gases 
have  been  determined  by  Loschmidt."f  They  are  referred 
in  the  following  Table  V.  to  the  centimetre  and  the  second  as 
units,  for  the  temperature  0°  C.  and  the  pressure  of 
760  eejiiimetres  of  mercury : — 


Table  V. 

D. 

Carbonic  acid  and  nitrous  oxide 0*0983 

„              „    carbonic  oxide      ...     . 

...    0-1406 

»»             »f    oxygen    

...     0-1409 

11                             )}        SujL        •••         •••         ..•          ••• 

...    0-1423 

}«             91    marsh  gas      

..     0-1586 

Carbonic  oxide  and  oxygen 

...     0-1802 

Sulphurous  acid  and  hydrogen 

...     0-4800 

Carbonic  acid  and  hydrogen       

...     0-5568 

Carbonic  oxide  and  hydrogen     

...     0-6422 

Oxygen  and  hydrogen 

...     0-7214 

The  specific  gravity  (air  =  1)  of  these  various  gases  are 
as  follows : — 

Table  VT. 


Carbonic  acid 

1-529 

Nitrous  oxide 

1-527 

f» 

1-629 

Carbonic  oxide 

0-967 

»» 

1-629 

Oxygen 

1-108 

»> 

1-529 

A.Ur..«       • . •       ... 

1-000 

>»               ••• 

1-529 

Marsh  gas    ... 

0-550 

Carbonic  oxide    ... 

.     0-967 

Oxygen 

1-108 

Sulphurous  acid  ... 

.     2-247 

Hydrogen    ... 

0-069 

Carbonic  acid 

1-629 

ft             ... 

0-069 

Carbonic  oxide    ... 

0-967 

>»             ••• 

0-069 

Oxygen 

1-108 

11 

0-069 

t  Imperial  Academy  of  Vienna,  March  10th,  1870. 
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From  this  it  will  be  seen  that  the  diffusion  takes  place 
at  very  unequal  rates.  This  is  in  consequence  of  the  fact 
that  the  rate  of  diffusion  of  gases  varies  inversely  as  the 
square  roots  of  their  densities.  Hydrogen,  therefore,  having 
a  density  of  0*069,  will  diffuse  four  times  as  rapidly  as 
oxygen,  which  has  a  density  of  sixteen  times  that  of 
hydrogen. 

In  order  to  clear  the  way  for  another  consideration  in 
respect  to  the  action  of  burners  it  is  desirable  to  consider  the 
action  which  takes  place  when  a  jet  of  gas  is  sent  under 
pressure  into  an  atmosphere  of  another  gas  at  a  less 
pressure.  For  this  purpose  we  may  turn  to  the  principle  of 
the  Giffard*s  injector,  so  generally  used  for  feeding  steam 
boilers.  In  this  contrivance  steam  blows  through  an 
annular  orifice  which  can  be  regulated  in  size,  and  as  it 
meets  the  feed- water  is  condensed,  producing  a  vacuum  and 
causing  the  water  to  rush  in  with  great  velocity,  and  to  stream 
down  the  combined  nozzle  of  the  injector,  its  velocity  being 
accelerated  by  the  pressure  of  the  steam  on  the  back  of  the 
nozzle.  In  the  lower  part  of  the  combined  nozzle  the  steam 
expands  and  loses  velocity,  which  is  compensated  for  by  an 
increase  in  pressure  on  hydro  -  dynamic  principles 
A-lthough  not  strictly  the  same  in  action,  yet  the  manner  in 
which  a  jet  of  gas  behaves  is  somewhat  comparable  to  that 
of  the  steam.  There  is  a  rush  of  gas  through  an  opening 
under  pressure;  this  rush  induces  a  current  of  air  to  join 
that  of  the  gas,  and,  according  to  the  density  of  the  gas, 
the  size  of  the  opening  and  the  pressure  exerted,  so  will 
the  flame  produced  by  the  jet  of  gas,  if  ignited,  yield  more 
or  less  light.  Broadly  stated,  we  may  say,  "  Rich  gas,  small 
orifice,  and  high  pressure ;  poor  gas,  large  orifice,  and  low 
pressure."  For  instance,  with  a  rich  gas  we  require  an 
ample  supply  of  oxygen.  This  is  obtained  by  sending  the 
gas  through  a  small  orifice  at  a  high  pressure,  with  the 
result  that  a  larger  proportion  of  oxygen  is  drawn  into 
the  flame  than  would  otherwise  be  the  case,  and  a  good, 
well-burning  flame  is  obtc^incd  instead  of  an  unsteady, 
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smoky  flame  which  does  not  develop  the  full  lighting  value 
of  the  gas. 

From  a  consideration  of  the  diffusive  powers  of  gases  it 
will  be  seen  that  those  gases  which  are  lightest  in  specific 
gravity  will  pass  through  a  given-sized  aperture  at  a  greater 
rate  than  those  of  heavier  gravity.  Therefore,  in  selecting  a 
particular  burner  for  any  special  gas,  we  should  have  regard 
to  all  these  considerations.  Roughly  speaking,  coal  gas  is 
composed  of  about  50  per  cent,  of  hydrogen  and  40  per  cent. 
of  marsh  gas.  From  the  foregoing  Tables  V.  and  VI.  it  will 
be  seen  that  the  specifi.c  gravity  of  hydrogen  (air  =:  1)  is  0069^ 
whilst  that  of  marsh  gas  is  0'550.  As  the  diffusive  powers 
vary  inversely  as  the  square  roots  of  their  densities,  the  dif- 
fusive power  of  marsh  gas  is,  therefore,  2*85  to  1  of  hydrogen. 
Therefore  hydrogen  will  diffuse  nearly  three  times  as  fast 
as  marsh  gas,  variations  in  the  relative  proportions  of  either 
of  these  ingredients,  or  undue  proportions  of  carbonic  oxide, 
having  only  a  diffusive  power  of  3*8,  or  worse  still,  of  an 
excessive  quantity  of  carbonic  acid,  having  a  diffusive 
power  of  4'7  to  that  of  I  of  hydrogen,  will  most  seriously 
affect  the  rate  of  consumption  under  given  conditions  of 
pressure  and  aperture,  and  consequently  the  rate  of  oxida- 
tion and  resulting  illumination  afforded. 

From  these  considerations  it  will  be  seen  that,  apart  from 
the  important  question  of  the  chemical  quality  of  the  gas, 
the  choice  of  the  most  suitable  burner  must  depend  upon 
the  four  functions  referred  to  above — viz.,  the  specific 
gravity  of  the  gas,  the  pressure  at  which  it  is  supplied,  the 
size  of  the  orifice  through  which  it  is  forced  for  ignition, 
and  the  quantity  of  air  induced  by  the  jet  so  formed.  The 
multiplication  of  these  jets  does  not  affect  the  question, 
except  in  so  far  that  by  the  heat  radiated  from  each  of  the 
several  flames,  the  energy  of  combustion  of  its  neighbours 
may  be  accelerated. 

The  cause  of  the  luminosity  of  flame  has  been  a  question 
much  discussed,  and  it  will  not  be  here  out  of  place  to 
consider  some  of  the  main  points  at  issue. 
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In  1817  Sir  Humphry  Davy  assumed  that  the  cause  of 
luminosity  in  flames  was  the  incandescence  of  solid  particles 
of  carbon  at  the  moment  of  their  liberation  from  chemical 
combination.  This  theory  held  its  own  for  many  years,  and 
seemed  to  gather  no  little  force  from  the  results  of  experi- 
ments by  the  author  on  the  variation  in  the  luminous 
energy  emitted  from  flat  flame  burners  in  different  directions, 
and  by  the  further  fact  that  the  denser  the  character  of  the 
flames  tested  the  more  marked  became  the  reduction  in 
the  intensity  of  the  light  emitted  from  the  edge  of  the  flame. 
For  instance,  when  an  ordinary  flat-flame  burner  was  tested 
in  all  azimuths,  it  was  found  that  the  light  emitted  from  the 
edge  of  the  flame  was  less  than  that  from  the  flat  side  by  some 
10  to  20  per  cent.,  and  that  when  a  dense  flat  flame — viz., 
that  produced  from  an  albo-carbon  burner — was  tested, 
the  light  from  the  edge  of  the  flame  fell  oflf  by  about  37 
per  cent.  The  inference  to  be  drawn  from  these  and 
many  similar  experiments  has  been  held  to  support  the 
theory  of  Sir  Humphry  Davy.  In  1868,  however,  the  late 
Sir  Edward  Frankland  showed  that  by  pressure,  non- 
luminous  flames  might  be  made  luminous.  It  has  also 
been  shown  that  luminosity  is  largely  influenced  by  tem- 
perature, a  fact  which  has  been  largely  made  use  of  in 
connection  with  the  recuperative  burners  first  introduced 
by  Hen*  F.  Siemens. 
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CHAPTER    VII. 

CHEMICAL  COMPOSITION  OF  COAL-GA8. 

As  may  be  expected  from  a  consideration  of  the  fact  that 
abuost  every  parcel  of  coal  delivered  to  a  gasworks  must 
necessarily  have  slight  difterences  in  quality,  ao  will  the 
resulting  quality  of  the  gas  made  therefrom  vary,  especially 
when  we  take  into  account  the  different  methods  of 
manufacture,  temperature  of  retorts,  degrees  of  exhaust, 
&c. 

Ordinary  16  to  17  candle  normal  coal-gas  may  be  roughly 
taken  as  consisting  of : — 


Hydrogen    

Marsh  gas 

lllumiiiants 

Carbon  monoxide 
Carbon  dioxide  ... 

Nitrogen       , 

Oxjgen 


■  •  t«»  •••  •••  4ft 

■•  att  ••■  •••  ft 

•«  •••  •••  •■•  ta 

••  •■•  •••  «■■  aa 

•■  aaa  a«a  taa  •• 

•  •  ■•«  aat  aaa  m  9 

•»  aa»  aaa  a««  aa 


61-0 
870 
60 
6*0 
00 
0-8 
0*2 

1000 


As  stated  above,  the  quality  of  the  gas  will  vary  with  the 
method  of  manufacture.  This  is  well  illustrated  by  the 
following  results,  obtained  by  Mr.  Lewis  T.  Wright,  and 
published  by  him  in  the  Journal  of  the  Chemical  Society 
(1884,  page  99),  to  which  the  author  has  added  a  column 
showing  the  value  of  the  gas  in  each  case,  in  terms  of 
"  pounds  of  sperm  per  ton  of  coal "  for  better  com- 
parison. 

In  each  case  equal  quantities  of  the  same  coal  were  dis- 
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Effect  of  Tempeixiiare  of  Retort 


tilled  under  like  circumstances,  with  the  sole  difference  of 
temperature  as  shown  in  the  Table  VII. 

Table  VII. 


0. 


I. 

II. 

III. 

IV. 


Temperatare. 


Dull  red 

Hotter 

Hotter 

Bright  orange 


I 

9 

m 
B 


8,250 

9,698 

10,821 

12,006 


la 


20-5 
17-8 


d 
o 


■« 

3  & 


o 


88,950 
84,510 


16-7  86,140 
15-6  87,460 


B 

s.. 


IS- 


580 


Chemical  oompodtion  of  gas. 
P«ir  cent. 


a 

o 

9 


8809 


692  48-77 
620   lost 


i 

M 

s 


42-72 

84-50 

lost 


642:48  •  0-2.  ;0- 70 


I 

o 


7-65 


5-88 
lost 


9 

Is 

I 
a 


«0 

6 


8-72 

12-50 

lost 


4-5113-96 


a 


^ 


2-92 
8-40 
lost 
2-81 


Hunt*  has  carried  this  point  a  step  further,  and  has 
shown  that  the  higher  the  temperature  employed  in 
carbonising  up  to  a  certain  point  the  greater  the  value  of 
the  gas  produced,  a  result  no  doubt  largely  due  to  a  portion 
of  the  tar  being  gasified.  Upon  further  increase  in  the 
temperature  a  decrease  in  the  value  of  the  gas  made  per 
ton  occurs  as  follows : — 

Tablb  VIII. 


Temperatare. 

Cubic  feet 

of  gas 

per  too. 

III.  powe  . 

Candles  per  ton. 

Poands  of 

F. 

C. 

■penu 
per  ton. 

1400 

760 

9,955 

18-86 

86,555 

628 

1520 

827 

11,179 

18-00 

40,248 

690 

1600 

871 

12,977 

17-79 

42,968 

787 

1740 

949 

12,015 

16-82 

42,155 

728 

1885 

1002 

14,149 

14-28 

40,412 

698 

'•=  See  Hunt  on  "  Gas  liighting — Chemical  Technology  *'  (Ch archill), 
pages  20  and  21. 
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Candles  per  Ton  of  Coal. 
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This  agrees  with  the  following  results  obtained  by  the 
author,  viz.: — 


Table  IX. 


Temperatare. 

Coblo 

feet  per 

ton. 

Illu- 

minating 

power. 

Cdodles  per  ton. 

Pounds  of 

F. 

C. 

■pem 
per  too. 

1882 
1617 
1607 

750° 
826° 
875° 

8,700 

10,886 

11,968 

16-60 
1504 
14-80 

28,710 
82,692 
86,481 

492 
669 
608 

Acconling  to  M.  Princep  : — 

Red  heat       =  649°  C.  -  1200°  F. 
Orange  beat  «  899°  C.  =  1660°  F. 

From  these  results  it  will  be  seen  how  important  it  is  to 
carefully  consider  all  the  data  in  regard  to  the  gas-making 
qualities  of  coal.  The  value  of  the  tar,  ammoniacal  liquor, 
and  coke  obtained  must  also  be  taken  into  consideration, 
but  in  respect  to  the  scope  of  the  present  work  these  need 
not  be  now  further  considered. 

It  may  be  useful  to  the  non- technical  reader  to  mention 
how  the  factors  candles  per  ton  and  pounds  of  sperm  pei^ 
ton  are  arrived  at. 

The  standard  rate  at  which  the  gas  is  consumed  when 
being  tested  for  its  illuminating  power  is  5  cubic  feet  per 
hour.  Therefore,  the  volume  of  gas  made  per  ton  is  divided 
by  5  to  ascertain  the  number  of  hours  during  which  the 
given  quantity  of  gas  would  continue  to  give  its  standard 
light.  If  this  be  equal  to,  say,  16' 5  candles,  each  burning 
spermaceti  at  the  parliamentary  rate  of  120  grains  per  hour, 
then  one-fifth  of  the  quantity  of  gas  made  per  ton  of  coal 
multiplied  by  its  illuminating  power  will  equal  the  "candles 
per  ton."  On  multiplying  this  factor  by  120  and  dividing 
by  7000    the   "pounds    of    sperm   per    ton"   are    found. 
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Purification. 


Shortly  :— 


make 


Candles  per  ton  =  x  illuminating  power. 

5 

Pounds  of  sperm  per  ton  =  illuminating   power  X  make  X 

0*00848. 

Coals  of  low  grade  will  yield        480  lb.  of  sperm  per  ton. 

average      „        „  680 

high  „        „  660 


*> 


II 


»i 


f> 


>i 


at  normal  working  temperatures. 

Table  X.,  which  has  been  compiled  for  the  purpose  of  the 
present  work  by  Mr.  H.  Leicester  Greville,  F.I.C.,  chemist 
.tp_  the  Commercial  Gas  Company,  shows  the  differences  in 
the  quality  of  a  gas  by  reason  of  the  processes  of  purifica- 
tion which  it  undergoes  between  its  evolution  from  the 
coal  in  the  retort  to  the  time  of  its  delivery  to  the  con- 


sumer. 


Table   X. 


Constitaent. 

Crude. 

Ootlet 
of  tcrubber. 

Outlet  of 
Iron  P. 

Outlet  of 
Lime  P. 

Hydrogen     

Marsh  gas    

Heavy  hydrocarbons  .. 

Carbon  dioxide     

Hydrogen  sulphide    .. 

Nitrogen       

Ammonia      

Carbon  monoxide 

47*5 
86*6 
4-8 
1-4 
1*6 
30 
0-7 
6*0 

48-6 
86-8 
40 
10 
0-6 
30 
nil 
61 

48*8 
86*6 
40 
10 
nil 
80 
nil 
61 

49-8 
86-9 

40 

nil 

nil 

8  0 

nil 

6*2 

100*0 

99-4 

99*4 

99-4 

By  this  we  see  that  the  process  of  purification  has  re- 
moved the  ammonia,  sulphuretted  hydrc^en,  and  the 
carbonic  acid. 

It  will  he  noticed  that  in  all  the  foregoing  analyses  we 
have  certain  factoi*s  referred  to  indifferently  as  "Illumin- 
ants,"    "  Olefines,"     and     "  Heavy     Hydrocarbons."       The 
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student  will  naturally  wonder  and  ask  the  reason  of  this. 
The  answer  is  that  the  methods  of  gas  analyses  were  and 
are  very  indefinite  as  regards  the  estimation  of  the 
illuminating  constituents.  After  numerous  researches, 
Prof.  Lewes  gave  the  following  as  an  approximation  of 
the  percentage  of  the  various  illuminants  in  a  sample  of 
South  Metropolitan  gas. 

The  total  of  the  illuminants  is  stated  to  be  accurate,  and 
it  is  claimed  that  their  rough  sub-division  gives  a  far 
clearer  insight  into  the  character  of  the 
hitherto* : — 


gas    than 


Illumi- 
nants 


Hydrogen 
Ethylene  series 
Benzene   series 


approx. 


1 


.,  ..  .     (by paraffin... 

Methane  eeriee  ^  ^y  ^^j^^^^ 

Carbon  monoxide 

Carbon  dioxide       

Nitrogen 


47-9 

0-9 
7-9 
33-3 
6-0 
00 
0-5 
0-0 

1000 


Total  hydro- 
carbons, 
45 '  6  per  cent. 


The  student  will  again  probably  inquire  as  to  which  of 
these  substances  the  illuminative  effect  of  coal-gas  is  due. 

This  has  been  answered  by  the  researches  of  Frankland 
and  Thome,  Kimblach,  and  others,  which  may  be  sum- 
marised in  the  following  Table  XI.: — 

Table  XI. — Illumvnating  Value  of  Hydrocarbons  jper  five 

cubic  feet  of  gas. 


Methane 

Ethane 

Propane 

Ethylene 

Benzene 

Tolaene 

Naphthalene 


. . .    ... 


.. .    ... 


. . .     ... 


. • .     ... 


. « .     .  •  * 


...    •* • 


•  • «     ■ . . 


...    ... 


. • •     ... 


.  •  •    • .  • 


5*2  candles. 

36-7 

56-7 

700 
420*0 
741-7 
990-9 


The  effect  of  diluting  ethylene,  as  a  representative  of 
*  Lewes,  Society  of  Arts,  December  Ist,  1890. 
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the  illuminating  constituents  in  coal-gas,  with  various  other 
gases,  has  been  studied  by  Dr.  Percy  Frankland,  who 
obtained  the  following  results* : — 

Table  XJln— Combustible  Diluents, 


Diluent. 

Percentage 
ethylene. 

Peroeni^^e 
dilnent. 

Candle-power  of 
mixed  gas 

per  5  cubic  feet 
per  hour. 

f 

77-56 

22-45 

54-58 

68-89 

81-61 

49-37 

58-58 

46-42 

39-21 

Hydrogen    h 

85-47 
26-08 

64-53 
78-92 

80-85 
22-84 

13-87 

86-68 

6-78 

Ik 

10-00 

9000 

0-00 

r 

81-65 

18-85 

55-27 

67-75 

82-25 

47-V3 

46-80 

53-70 

8309 

Carbon  monoxide  - 

87-94 

62-06 

26-52 

28-78 

71-27 

18-26 

23-89 

76-11 

6-56 

w 

2000 

80-00 

0-00 

f 

86-67 

14-83 

57-91 

69-09 

80-91 

47-88 

Meihane      - 

67-74 
85-90 

42-26 
64*10 

40*42 
33-17 

1300 

87-00 

19-85 

^ 

7-87 

92-13 

17-59 

As  ethylene,  by  the  previous  Table  XI.,  had  an  initial 
illuminative  value  of  70  candles,  it  will  be  seen  by  the 
above  how  this  quality  is  affected  by  different  degrees  of 
dilution  with  gases  which  in  themselves  are  combustible, 
but  capable  of  affording  practically  no  illumination  under 
ordinary  conditions. 

Methven  showcdf  in  1889  that  candles  burning  in  the 
ordinary  atmosphere,  when  the  temperature  from  day  to 
day  was  practically  constant  throughout  the  experiments, 

^  jQumal  of  the  Society  of  Chemical  Industry,  vol.  iii.,  page  275. 
t  "  Photometry,"  by  J.  Methven,  Southern  District  Association  of  Gas 
Engineers  and  Managers,  November  14th,  1889. 


Non-corribystible  Diluents, 
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possessed  a  light  value  of  1*104  candles,  compared  with  a 
light  of  constant  power,  per  120  grains  consumed,  which 
was  increased  when  they  were  burnt  in  a  dry  atmosphere 
to  1*196  candles  per  120  grains,  or  an  increase  of  8*38  per 
cent.     Continuing   these   researches  on  the  influence    of 

Table  XIII. — Non- combustible  Diluents, 


PeroenUge 

Percentage 

Candle-power  per 
5  cuDio  feet 

Diluent. 

of 

of 

ethylene. 

dilaent. 

of  gas. 

r 

98-68 

6-82 

55-52 

90-69 

9' 

41 

51-81 

89-08 

10' 

97 

49-98 

81-78 

18' 

27 

42-81 

Carbon-dioxide    ...- 

70-75 

29' 

25 

88-28 

64-14 

85' 

85 

26*52 

52-94 

47' 

06 

14-72 

45-61 

54' 

89 

7-49 

s. 

40-00 

60' 

00 

0-00 

' 

84-69 

15' 

81 

61-96 

71-12 

28' 

88 

89-58 

Nitrogen    - 

59-93 
47-08 

40' 
52' 

07 
92 

29-64 
20-81 

86-24 

68' 

76 

11-82 

^ 

28-81 

71' 

•19 

7-20 

f 

82-57 

17 

•48 

70-98 

80-67 

19 

-88 

72-58 

Oxygen ^ 

75-51 

24 

-49 

74-19 

68-50 

81 

•50 

71-17 

I 

60-69 

89 

•51 

Explosion 

f 

79-68 

20 

82 

54-45 

67-16 

82 

•85 

45-84 

55-92 

44 

■08 

87-16 

«*ir  •••      •••     «■•     •••*" 

42-69 

57 

•81 

26-78 

88-91 

66 

09 

16-22 

22-81 

77 

•69 

0-61 

I 

18-81 

86-69 

Explosion 

aqueous  vapour  on  flames  from  different  burners,  Methven 
observed  that  when  dried  air  is  supplied  to  the  flame 
the  light  therefrom  is  practically  of  constant  quality ;  but 
when  saturated  air  is  supplied,  with  increasing  tempera- 
ture, the  light  value  is  rapidly  diminished.     Thus,  between 
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the  temperatures  of  50°  and  To*"  F.  a  loss  of  10  per  cent,  of 
light  value  from  the  5ft.  flame  results. 

Coal-gas  contains  normally  about  2  per  cent,  of  moisture,' 
which  reduces  the  illuminating  power  of  the  dry  gas  to  the 
extent  of  3*3  per  cent. 

Wurtz  carried  out  a  series  of  experiments  to  ascei-tain 
the  effect  of  the  addition  of  air  to  coal-gas  with  the  follow- 


ing results : — 


Air  added. 

8-00 

4-96 

11-71 

16-18 

25-00 


Table  XIV. 


•  •         •  •  • 


•  •         •  •  • 


•  •         •  •  • 


•  •         •  •  • 


•  •         •  •  • 


«  •         •  •  • 


PorcoDtage  loss  of  light. 
15-69 
23-83 
41-46 
57-53 
84-00 


According  to  Professor  Lewes,*  the  addition  of 
oxygen  to  gases  rich  in  hydrocarbons  causes  an  increase 
in  the  illuminating  power  up  to  a  certain  point.  The 
temperature  of  the  flame  is  increased  by  burning  up  the 
hydrogen  of  the  hydrocarbons,  and  rendering  the  carbon 
incandescent  without  diluting  the  flame  with  nitrogen  to 

Table  XV. 


Volume  taken. 

Tomperatare,  °  C. 

Gas. 

Diloeot. 

Air. 

Nitrogen. 

Carbon 
dioxide. 

1  vol. 
1     „ 
1     „ 

1  vol. 

2  „ 
8     „ 

1260 
1116 

1180 
1150 
1040 

1100 
880 
780 

the  extent  which  would  have  been  necessary  had  air  been 
used  for  the  purpose. 

The  effect  of  'such  gas  as  hydrogen,  marsh  gas,  and 
carbon  monoxide,  is  simply  to  dilute  the  flame,  and,  by 
separating  the  molecules   of    the  hydrocarbons,  to  make 

•  Cantor  Lectures,  1890. 
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them  more  difficult  to  decompose ;  whilst  such  bodies  as 
the  carbon  dioxide,  nitrogen,  air,  and  water  vapour,  not 
only  dilute,  but  also  cool  the  flame  (Table  XV.),  as  they  do 
nob  add  to  the  heat  by  any  action  of  their  own,  and  have 
to  be  heated  up  to  the  same  temperature  as  the  flame  itself. 
Rosette  determined  the  temperature  of  a  gas  flame 
diluted  with  air,  nitrogen,  and  carbon  dioxide  respectively, 
and  found  that  it  was  least  with  the  carbon  dioxide  and 
highest  with  air,  a  result  which  agrees  with  Dr.  Frank- 
land's  determination  of  illiuninating  power. 
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CHAPTER    VIII. 

ENRICHMENT. 

It  has  been  contended  that  the  cheapest  gas  is  by  no 
means  always  the  most  economical  when  used  in  flat-flame 
burners,  although  the  case  is  doubtless  different  when  the 
incandescent  mantles  are  employed. 

This  point  was  clearly  brought  out  in  connection  with  an 
experiment  made  in  London  in  consequence  of  a  suggestion 
that  the  effect  of  the  enrichment  of  the  gas  was  only  a 
useless  expense,  and  that  if  stopped,  the  consumer  would 
not  know  the  difference,  and  that  there  would  be 
no  complaints.  During  this  experiment,  viz.,  from 
April  24th  to  May  5th,  1894,  the  gas  was  tested  as 
usual  at  the  official  stations,  and  also  by  means  of 
the  portable  photometer,  both  at  the  stations  and 
in  the  districts  away  from  the  fixed  stations,  with  the 
result  that  the  quality  of  the  gas  was  found  to  be  fairly 
uniform,  viz,  15*0  candles.  The  experiment  of  supplying 
unenriched  gas  being  concluded,  carburetting  was  again 
resorted  to,  and  the  series  of  tests  repeated  in  the  same 
order  and  places  under  precisely  the  same  conditions,  with 
the  result  that  the  quality  of  the  gas  in  the  districts  was 
found  to  be  14*85  candles,  and  that  at  the  official  fixed 
stations  16*5  candles. 

From  this  it  became  clear  that  as  the  former  set  of 
testings,  made  when  the  gas  was  supplied  uncarburetted, 
indicated  a  fairly  uniform  supply,  so  these  later  tests  mado 
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after  the  resumption  of  the  earburetting  process  most 
clearly  demonstrate  that  the  effect  of  that  process  is  limited 
in  its  operation  to  the  official  testing  place  and  its  near 
proximity.  This  result  fully  explained  any  failure  on  the 
part  of  the  consumers  to  detect  any  difference  in  the  quality 
of  the  gas  supplied  to  them  during  the  two  weeks  of  the 
experiment. 

These  facts  made  more  fully  evident  the  necessity  for 
maintaining  the  prescribed  quality  of  the  gas  throughout 
the  whole  of  the  districts.  For  the  purpose  of  elucidating 
the  fact  more  clearly,  the  writer  made  a  careful  series  of 
experiments  to  determine  the  quantity  of  gas  of  different 
illuminating  powers  required  to  produce  a  uniform  light 
when  consumed  in  either  of  two  of  the  most  generally 
employed  forms  of  burners,  and  these  results  were  given  in 
the  report  previously  referred  to,  from  which  the  following 
Table  XVI.  is  taken  :— 


Corrected  value  of  the 
gas  in  terms  of  legal  candles. 


Table  XVI. 

Cubic  feet  of  gas  required  to 
yield  11*87  candles  of  light  from 
"Batswing."  "Fishtail." 


13-6  to  13-9 

6-48 

6-83 

140tol4-5 

6-95 

6-20 

14-6  to  14-9 

...     ...     ... 

4-75 

5-69 

15-0  to  16-5 

4-75 

5-70 

15-6  to  16-0 

4.40 

4-86 

Over  16-0 

4-00 

4-64 

From  these  results  it  appears  that  in  order  to  obtain 
the  same  quantity  of  light  from  a  "batswing"  burner 
consuming  14*0  candle  gas  as  would  be  obtained  with  16*0 
candle  gas,  about  5*95  cubic  feet  per  hour  must  be  con- 
sumed instead  of  4*4  cubic  feet,  or  35  per  cent,  more; 
with  15*0  candle  gas  instead  of  16*0,  the  increase  is  from 
4-0  to  about  4^-,  or  18  per  cent. 

With  a  "  fishtail "  burner  the  increase  in  the  quantity  of 
gas,  when  14*0  candle  gas  is  employed  is  about  33  per 
cont,  and  when  15*0  candle  gas  is  used,  about  18  per  cent. 
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According  to  this  comparison,  the  consumer  who  used 
either  of  these  burners  would  have  to  pay  18  per  cent, 
more  for  his  gas  to  obtain  equal  intensity  of  light,  in  the 
event  of  the  quality  being  lowered  from  16*0  to  15*0 
candles.  The  ratios  will  be  varied  considerably  with 
different  burnei-s  and  qualities  of  gas,  but  the  chief  feature 
^vill  remain. 

The  summarised  conclusions  of  the  experiments  were  as 
follows : — 

(1)  That  the  effect  of  the  present  system  of  enrichment 
is  partial,  and  in  proximity  to  the  stations. 

(2)  That  the  effect  of  a  reduction  in  the  quality  of  the 
gas  is  equal  to  a  far  larger  increase  in  the  quantity  required 
for  unit  light  than  is  compensated  for  by  a  reduction-  in 
price. 

(3)  That  the  testings  by  the  portable  photometer  are 
absolutely  reliable. 

The  facts  thus  brought  out  by  the  investigation  cannot 
fail  to  be  of  assistance  in  similar  instances,  and  point  to 
the  absolute  fallacy  of  any  conclusions  as  to  the  fairness 
or  otherwise  of  the  price  of  gas,  which  do  not  at  the  same 
time  take  into  account  the  whole  question  of  quality,  not 
merely  in  regard  to  what  is  euphemistically  termed  the 
"statutory  power,"  but  to  the  actual  and  real  power  for 
lighting  purposes  of  the  gas  supplied  to  the  consumers, 
according  to  the  burner  which  is  used. 

This  point  was  more  clearly  brought  out  in  the  following 
account  of  experiments  submitted  by  the  author  to  the 
Society  of  Chemical  Industry  in  December,  1900  : — 

The  use  of  coal  gas  purely  as  a  heating  agent  raises 
another  point  entirely  apart  from  that  of  the  illuminating 
effect  when  the  gas  is  biumt  in  those  burners  commonly 
employed.  The  question  is  also  complicated  by  the  recent 
introduction  of  the  incandescent  gas  burners,  or  "  mantles," 
which  materially  affect  the  question  so  far  as  the  number 
employed  bears  any  ratio  to  the  total  number  of  burnei-s 
of  all  kinds  in  geneml  use, 
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If  none  but  incandescent  burners  were  employed,  then  it 
might  be  granted  at  once  that  the  old  idea  of  "  illuminating 
power"  of  coal  gas  must  be  very  largely  and  seriously 
modiBed — so  much  so  that  the  expression  "  heating  power  " 
might  safely  be  used  in  its  place.  As  long,  however,  as 
the  great  proportion  of  the  gas  is  consumed  in  ordinary 
luminous  flame  burners,  it  must  be  admitted  that  there  is 
no  excuse  for  neglecting  the  effect  of  variations  in  quality 
upon  the  quantity  of  gas  required  to  give  normal  or  "  unit " 
illumination. 

If  the  quantity  of  gas  required  to  be  burnt  to 
afford  any  desired  degree  of  illumination  be  a  variable 
factor,  in  consequence  of  fluctuation  in  quality,  and  the 
gas  so  employed  be  charged  for  at  a  uniform  rate  for 
each  cubic  foot  used,  the  actual  cost  of  that  degree  of 
illumination  must  vary  with  the  quantity.  Thus,  a  gas 
of  higher  price,  but  of  higher  quality,  may  be  far  cheaper 
to  the  consumer  than  is  a  gas  of  lower  price  but  lower 
quality.  These  two  factors  must  be  taken  together,  and, 
in  order  to  obtain  a  proper  estimate  of  their  ratios,  the 
conditions  under  which  the  gas  is  to  be  consumed  must 
first  be  determined,  as  these  conditions  will  materially  affect 
the  problem.  Taking  the  extremes,  for  instance,  the  value 
may  depend  upon  quantity  only  if  the  basis  be  that  of  the 
incandescent  burner,  but  even  then  the  heating  value  of 
the  gas  should  be  taken  into  account.  On  the  other  hand, 
if  the  basis  be  that  of  a  flat-flame  burner,  then  the  value 
must  depend  upon  illuminative  effect  as  well  as  on  the 
quantity  required  to  be  consumed. 

These  considerations  have  rendered  it  necessary  that  the 
effect  of  consuming  gases  of  different  qualities  in  those 
burners  commonly  employed,  as  well  as  in  the  standard 
Argand  and  incandescent  burners,  should  be  clearly  esta- 
blished. To  assist  in  this  the  author  has  conducted  a 
number  of  tests  with  various  burners  and  different  qualities 
of  gas  in  regard  to  the  quantity  required  to  yield  the 
ipaximum    or    "normal*'    light    from    any    given  bui-ncH' 
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when   burning    10 "0   candle   gas  under  the  most  suitable 
conditions. 

After  a  preliminary  series  of  experiments  of  a  necessarily 
limited  character,  the  author  arranged  six  series  of  photo- 
metrical  tests.  The  first  of  these  was  made  with  coal-gas 
at  Widnes ;  the  second  with  gas  supplied  by  the  Gas  Light 
and  Coke  Company ;  the  third  with  gas  supplied  by  the 
South  Metropolitan  Gas  Company  ;  and  the  fourth,  fifth, 
and  sixth  with  coal  and  water  gases  in  various  proportions. 

For  the  purpose  of  the  first  series  of  experiments,  Mr. 
Carr,  the  manager  of  the  Widnes  Corporation  Gasworks, 
kindly  prepared  different  qualities  of  gas  from  time  to  time 
and  stored  them  in  an  experimental  100ft.  holder,  which 
was  connected  to  the  author  s  photometer.  The  procedure 
was  to  first  carefully  test  the  quality  of  the  gas  when  burnt 
at  the  rate  of  5  cubic  feet  per  hour  in  a  No.  1  London  Argand 
burner,  or  what  is  commonly  called  its  "illuminating 
power,"  and  then  to  bum  it  in  various  gas  burners  in 
succession,  making  photometrical  determinations  of  the 
light  and  estimations  of  the  quantity  of  gas  consumed. 

The  first  series  of  tests  was  made  with  gas  which  had  an 
illuminating  power  of  IG'2  candles  when  burnt  at  the  rate 
of  5  cubic  feet  per  hour  in  the  standard  Argand  burner. 
This  value  was  ascertained  by  independent  tests  by  different 
observers  asing  two  different  photometers,  viz.,  the  closed 
Evans  photometer  on  the  works,  using  candles  as  a  standard, 
and  the  author's  portable  bar  photometer,  using  the  Dibdin 
10-candle  Pentane  Argand  standard,  as  recommended  by  the 
Board  of  Trade  Committee.  The  value  of  the  gas  being 
thus  ascertained,  the  standard  London  Argand  burner  on  the 
portable  photometer  was  removed  and  a  Sugg  s  "  table-top' 
burner  No.  4  placed  in  position,  and  the  gas  adjusted  until 
a  fair  and  even-burning  flame  was  obtained,  which  was 
found  to  be  equal  to  14' 4  candles.  The  quantity  of  gas 
consumed  was  then  ascertained  by  means  of  the  experimental 
meter,  which  was  found  to  indicate  a  rate  of  5*3  cubic  feet 
per  hour, 
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In  like  manner  twenty-eight  burners  were  tested  in  suc- 
cession with  the  same  gas,  and  the  results  recorded  in  the 
attached  Table  XVIL,  in  the  ninth  column,  headed  "  1 G '  2 
candles/'  which  refers  to  the  quality  of  the  gas  employed  in 
the  experiments  in  question. 

On  the  completion  of  the  tests  of  all  the  burners  with 
16 '2  candle  gas,  the  gas  unused  in  the  experimental  100ft. 
holder  was  again  examined  to  make  certain  that  no  change 
in  the  illuminating  power  of  the  gas  had  taken  place,  the 
remainder  displaced  and  the  holder  filled  up  with  gas  of 
another  quality,  when  the  tests  were  repeated  in  a  precisely 
similar  manner,  the  greatest  care  being  taken  to  ensure  that 
as  far  as  possible  the  experiments  were  strictly  comparable. 

In  this  way  it  was  ascertained  that  the  flat-flame  burner 
first  tested,  viz.,  Sugg's  table-top  No.  4,  which  gave  14*4 
candles  of  light  with  5*3  cubic  feet  per  hour  of  16*2  candle 
gas,  required,  to  produce  the  same  illumination,  6*1  cubic 
feet  per  hour,  when  the  illuminating  power  of  the  gas  was 
reduced  to  15 '2  candles;  G*4  cubic  feet  with  14*2  candle 
gas;  7 'To  cubic  feet  with  18" 5  candle  gas;  ()*7  cubic  feet 
per  hour  with  12*2  candle  gas;  and  11  2  cubic  feet  per 
hour  with  11*2  candle  gas;  whilst  when  the  quality  of 
the  gas  was  raised  to  17 '2  candles,  the  consumption 
rccjuired  to  yield  the  same  unit  or  normal  lighting  power  of 
14*4  candles  was  reduced  to  4*5  cubic  feet  per  hour ;  and 
with  10*2  candle  gas  the  consumption  was  only  St)  cubic 
feet  per  hour. 

In  like  manner  the  whole  of  the  burners  Mere  tested,  and 
the  results  tabulated  as  shown.  Fiom  this  table  another 
(Table  XVIII.)  was  prepared,  in  which  all  the  results  are 
reduced  to  terms  of  percentage  quantity  of  gas  consumed, 
on  the  basis  that  the  16*2  candle  gas  w^as  normal,  and 
therefore  taken  at  100.  By  this  method  of  comparison  the 
extra  quantity  of  gas  required  to  compensate  for  defective 
quality  is  at  once  seen ;  and,  in  like  manner,  the  reduction 
in  the  quantity  required  to  produce  unit  light  as  the  quality 
increases. 
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In  certain  instances  with  low-grade  gas  the  burners  could 
not  properly  consume  sufficient  gas  to  give  the  amount  of 
light  afforded  when  the  16*2  candle  gas  was  employed,  and 
corre<;tions  had  therefore  to  be  applied.  Where  this  was 
done  the  fact  is  indicated  in  the  tables  by  an  asterisk. 
Thus,  in  the  case  of  Sugg  s  table  top  burner  No.  7,  24*6 
candles  of  light  were  obtained  with  gases  down  to  12'2 
candles,  but  when  11*2  candle  gas  was  used,  only  20*2 
candles  could  be  obtained  instead  of  24G.  As  the  consump- 
tion of  gas  was  10*8  cubic  feet  per  hour,  13"1  cubic  feet 
would  have  been  necessary  to  yield  the  24*6  candles  of 
light.  These  corrections  more  particularly  apply  to  burners 
adapted  for  very  rich  gases  when  employed  with  low-grade 
gases.  On  the  basis  of  a  sufficient  number  of  burners  being 
employed  to  burn  the  total  quantity  of  gas  of  a  given 
quality  to  yield  the  volume  of  light  required,  this  method 
of  approximation  would  probably  give  slightly  too  low  a 
result. 

The  diagram,  A  (see  page  121),  shows  the  effect  of 
any  alteration  in  the  quality  upon  the  actual  cost  of  the 
gas  required  to  produce  unit  light  with  certain  represen- 
tative burners. 

On  the  left-hand  side  of  the  diagram,  the  volume  of  gas 
is  indicated  in  terms  of  percentage  for  the  various  abscissie, 
and  on  the  right-hand  side  the  corresponding  increase  or 
decrease  in  the  cost  is  shown,  on  the  basis  that  1G*0  candle 
gas  costs  2s.  Cd.  per  1000  cubic  feet.  The  ordinates  indicate 
the  candle-power  of  gas  supplied.  The  curves  represent 
unit  or  normal  intensity  of  the  light  yielded  by  the 
respective  burncra  when  burning  16*2  candle  gas  with  a 
consumption  most  suited  to  them,  as  shown  in  the  third 
column  of  Table  XVIII. 

The  bottom  curve  on  the  left-hand  side  of  the  diairram 
cuts  the  ordinate  for  19*2  candle  gas  on  the  abscissa 
representing  60  per  cent,  of  the  quantity  of  gas  required 
when  16*2  candle  gas  is  employed.  This  curve  then  pro- 
coed's   upwards   until   it   crosses  the  ordinate  representing 
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17  "2  candle  ^as,  which  cuts  the  abscissa  for  83  per  cent,  of 
normal  value.  The  curve  then  crosses  the  ordinate  for 
16  2  candle  gas  on  the  abscissa  for  100  or  normal  volume. 

* 

The  curve  then  proceeds  until  it  cuts  the  ordinate  for  15 '2 
candle  gas  on  the  abscissa  for  184  per  cent.;  and  in  like 
manner  the  ordinate  for  142  candle  gas  at  180  per  cent.; 
13*5  candle  gas  at  220  per  cent.;  12*2  candle  gas  at  305  per 
cent.;  and  the  ordinate  of  11*2  candle  gas  at  about  380 
per  cent. 

By  interpreting  the  variations  in  consumption  of  gas  into 
relative  cost,  as  indicated  on  the  right-liand  side  of  the 
dia<^m,  it  will  be  seen  that  in  order  to  obtain  equal  degrees 
of  illumination  with  varying  qualities  of  gas,  in  the  case  of 
a  No.  4  Bray's  burner,  the  actual  cost  of  the  gas  to  the 
consumer,  on  the  basis  of  light  for  ononeyy  will  be  as 
follows : — 
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Table  XIX. 

Quantity  required  to  give 
light  equal  to  1000  cubic 
feet  of  lO'O  candle  gas. 

Actual  cost  of  ([w 

at  2s.  6d.  per  1000 

cubic  feet. 

Cb.  ft. 

s. 

d. 

600 

1 

6 

700 

1 

9 

820 

2 

1 

1000 

2 

6 

laio 

3 

4 

1800 

4 

6 

2400 

6 

1 

3040 

7 

9 

3750 

9 

6 

As  it  may  be  thought  thab  No.  4  Bray  is  an  exceptional 
burner,  we  may  take  No.  5  Bray,  which  may  reasonably  be 
looked  upon  as  an  average  burner  generally  employed,  and 
ascertain  in  the  above  manner  the  cost  of  equal  light 
intensity  for  different  qualities  of  gas  (Table  XX.). 

On  this  basis  it  is  seen  that  any  variation  in  price  per  1000 
cubic  feet  for  each  candle  alteration  in  the  illuminating 
power  of  the  gas  should  be  gi'eater  than  has  hitherto  been 
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supposed.  On  the  other  hand,  these  facts  exjilaiii  the 
common  complaint  as  to  the  otherwise  apparently  inex- 
plicable rise  in  the  amount  of  the  gas  bills — a  fall  of 
2  candles  in  (luality  causing  a  rise,  in  the  case  of  Bray 
No.  5  burner,  of  44  per  cent,  on  the  giis  bill ;  whilst,  when 


of 

gas. 

Table 

XX. 

Cost 

niuminaiiog  power 

of  gas  per  1000  cubic  feet. 

1 

8.    d. 

19-0 

1 

1     7 

18-0 

1 

1  10 

17-0 

' 

2     1 

10-0 

2    6 

15-0 

8    0 

14-() 

3     7 

i;3'0 

1 

4     3 

12-0 

( 

5  .4 

11-0 

1 
1 

7     1 

the  ixa.s  is  down  to  12()  candles,  the  amount  of  the  jxas  bill  Ls 
doubled.  From  these  facts  it  will  be  at  once  seen  that  any 
discussion  of  the  cost  of  gas  per  1 000  cubic  feet  is  valueless 
in  the  absence  of  an  equal  recognition  of  its  qiudity,  so  far 
as  relates  to  its  use  with  flat-flame  burners. 

In  the  case  of  the  Welsbach  and  the  best  Argand  burners, 
which,  however,  are  used  to  only  a  very  limited  extent  as 
compared  with  the  flat-flame  burners,  the  results  are  less 
disproportionate,  and  a  moderate  reduction  in  price  for 
each  candle-power  would  not  be  unreasonable ;  but,  un- 
fortunately, in  order  to  obtain  a  problematical  advantage  to 
the  users  of  gas  for  heating  purposes,  those  who  employ  the 
gas  for  illuminating  purposes  in  the  burners  commonly  used 
would  suffer  to  a  proportionate  extent. 

As  the  foregoing  results  were  obtained  with  specially 
prepared  gas,  it  was  deemed  advisable  to  repeat  the  experi- 
ments with  gas  actually  supplied  to  consumers.  For  this 
purpose  a  second  series  of  tests  was  made  in  the  author's 
laboratory  at  Westminster  with  gas  supplied  by  the  Gas 
Light  and  Coke  Company.     In  order  to  obtain  gas  of  very 
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low  illuminating  power,  the  ordinary  supply  was  stripped 
by  passing  it  through  a  coke  scrubber,  the  coke  being 
moistened  with  linseed  oil.  The  richer  gases  were  obtained 
by  the  addition  of  petroleum  to  the  ordinary  supply,  and 
allowing  the  mixture  of  petroleum  vapour  and  coal-gas  to 

Table  XXV 1 1,— Table  tkaioing  the  Variation,  in  the  Quantity  of  Oat  Oontumed  in  tack 
of  a  Series  of  Burners  to  yield  Unit  Light  when  varying  Quantities  of  High-power 
Waier  Oas  are  mixed  with  High-poicer  Coal  Oas,    JUvminating  Power  of  both 
Coal  and  Waiei'  Oas  =  17*2. 


Consumption  of 

gasper 

Burnera. 

lUaminating 

hour  with 

No. 

27  per 

76  per 

power. 

Coal 

cent. 

cent. 

gas. 

water 
gas. 

water 
gas. 

1 

Standard  Argand      

16-0 

4.7 

4.7 

4-7 

2 

Sugg's  table  top,  No.  4    

14-0 

4.5 

6.7 

7.3 

3 

II                       II                 XII  0«    V         •■•         •••         ■•• 

16-0 

4.6 

4.9 

5.9 

4 

II                    II              ^ U«  O       ,«•       •>•        •*• 

17-0 

4.8 

6.7 

64 

5 

•  l                    II               X^ Oi    f        «■•        •■•        ••• 

240 

6.7 

5.4 

8-2 

6 

Sagg'aalitQnioa,  No.  4    

12-0 

8.5 

5-4 

72 

7 

II               1 ,           ^ o.  O     ••■      ..•      ... 

15-0 

4.4 

6-0 

6.4 

8 

jl                II           ^o.o      ...      ,,,      .,, 

20-0 

5.8 

6.4 

7.5 

9 

II                                II                       ^  O.      1             ..•            ..a            ••. 

18-0 

5.2 

5.9 

6.9 

10 

Sagg'a  fishtail,  No.  6 

140 

4.4 

5.9 

6.9 

11 

II                  II                   X^  %Jm     !.••          ■••          a.fl          ■•• 

10-0 

8-4 

4.8 

6.5 

12 

Bray's  fishtail,  No.  4 

8.6 

8.1 

6.4 

10.0 

13 

II         II          J^ o.  o...     ...     ...     ... 

12-8 

4.0 

5-0 

111 

14 

II              II              i.^  O.  U...        ...       «<(        (•• 

12-4 

41 

6.4 

8.9 

15 

|i              II               X^  O.    #..-        ...        ••*        ... 

14-0 

4.1 

5.2 

91 

16 

Bray's  batswiDg,  No.  6    

17-0 

5.1 

6.6 

7.5 

17 

Bray's  unioiii  with  Codac  eoonomiser 

16-0 

4.6 

4.7 

4.6 

18 

Mint's  batswing,  No.  6    

19.0 

6.7 

6-8 

8.6 

19 

II               II           J^ O.  f      ...      ...      ... 

17.0 

5.1 

6.7 

6.3 

21 

Butcher's  burner       

26-0 

7.9 

8.8 

92 

22 

Imitation  Bronner,  No.  4 

100 

3.1 

8.5 

8.5 

23 

Peebles,  No.  4    

90 

3.1 

4.4 

4.7 

24 

1 1                 J^  Va    V          •••          ■•■          ••■          •••          ■•• 

18-0 

4.1 

4.9 

6.1 

25 

1 1                   i^  v«     w           •••           •■•           a*a           •■•           ••• 

15.0 

4.6 

5.2 

5.6 

26 

Sugg's  F  Argand       

Welsbach  C  oomer  and  mantle    . . . 

20-0 

6-1 

6.2 

66 

27 

Max. 

4.2 

8-8 

3.9 

intensity 

stand  for  some  hours  in  a  holder  before  making  the  tests. 
The  results  are  set  out  in  Tables  XXI.  and  XXII.  (see  pp. 
124  and  125)  and  Diagram  "B"  (see  p.  126). 

A  third  series  was  next  made  with  gas  supplied  by  the 
South  Metropolitan  Gas  Company  to  the  Southwark  gas 
meter  testing  station  of  the  London  C!ounty  Council,  the 


Du^ram  (hoTing  tbe  percentige  varintion. 
yield  unit  light  with  a  [Diiture  of  Iow-)>i 
boUi  coal  and  «k(cr-gM  =  14'S  candlca, 
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rich  gas  being  obtained  in  the  same  way.  The  results  are 
set  out  in  Tables  XXIII.  and  XXIV.  (see  pp.  127  and  128) 
and  Diagram  "  C  "  (see  p.  129). 

The  results  confirmed  those  first  arrived  at. 

For  the  purpose  of  ascertaining  the  effect  of  the  use  of 
water-gas,  the  author  conducted  a  similar  series  of  tests, 

Table  XXVIII. — Table  thmoing  ike  Percentoffe  Variation  in  the  Quantily  of  Gas 
Consumed  in  tack  of  a  Series  of  Burners  to  yield  Unit  Light  when  varying 
Quantities  qf  High-power  WaUr  Oas  are  mixed  with  Jligh-poicer  Goal  Gas, 
Illuminating  Power  qfhoth  Coal  and  Water  Gas  =  17*2. 


Consumption  of 

gasper 

Bamera. 

Illuminating 

hour  with 

No. 

27  per 

75  per 

power. 

Coal 

cent. 

cent. 

gas. 

water 
gas. 

water 
gas. 

1 

Standard  Argand      

16-0 

100 

100 

100 

2 

Sogg'fi  table  top,  No.  4    

14-0 

100 

127 

161 

3 

,,           ,1        No.  5    

15-0 

100 

106 

178 

4 

„            „         No.  0    

17-0 

100 

119 

133 

5 

)}                  }|             J^O.  /       •••       •••       ••• 

24-0 

100 

110 

123 

6 

Sugg's  slit  union,  No.  4    

12-0 

100 

155 

206 

7 

„           ),        No.  5    

15-0 

100 

136 

145 

8 

„           1,        No.  6    

20-0 

100 

110 

129 

9 

),                 f,            PIO.  /       ...       ...       ••• 

18-0 

100 

113 

133 

10 

Sugg'8  fishtail,  No.  6 

14-0 

ICO 

134 

157 

11 

,f            11             XiO.  /  •••       •••       •••       ••• 

10-0 

100 

141 

191 

12 

Bray's  fishtail,  No.  4 

8-6 

100 

206 

323 

13 

1,            II             l^O.  O...       •••       •••       .•• 

12.8 

100 

125 

277 

14 

,,                      II                       i?i  O.     O...            ...            a..            ••• 

12-4 

100 

132 

217 

15 

,,              ,1               ^O.    f  •••       •«•        •■•        ■•• 

14-0 

100 

125 

219 

16 

Bray's  batswing,  No.  6    

17-0 

100 

129 

147 

17 

Bray's  union,  with  Oodac  economxser 

16.0 

100 

102 

100 

18 

Mint's  batswing.  No.  6    

19-0 

100 

119 

151 

19 

1,            ,,         PiO.  /     

17-0 

100 

112 

123 

21 

Batcher's  burner      

26.0 

100 

111 

116 

22 

Imitation  Bronner,  No.  4 

10-0 

100 

HI 

111 

23 

Peebles,  No.  4    

9-0 

100 

142 

152 

24 

1,          ^O.  O      •••      ...      •••      •••      •<• 

13-0 

100 

119 

124 

25 

,,           i^O.  O      ...       ...       •••       •••       ••• 

15.0 

100 

113 

120 

26 

Sugg's  FAraand       

Welsbaoh  C  Durner  and  mantle    ... 

20-0 

100 

101 

107 

27 

Max. 

100 

79 

93 

intensity 

three  in  number,  viz.,  first  with  a  mixture  of  lower  power 
coal-gas  and  water-gas  in  varying  ratios ;  second  with  mix- 
tures of  high-power  coal-gas  and  water-gas ;  and  the  third 
with  high-power  water-gas  and  low-power  coal-gas. 

The  results  are  set  out  in  Diagrams  "  D  "  (facing  p.  132) 
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and  "  E ''  (see  p.  135),  and  Tables  XXV.  to  XXX.  (sec  pp. 
180tol3G). 

From  Diagram  D  (facing  p.  132)  and  Tables  XXV.  and 
XXVI.  (see  pp.  130  and  131),  it  will    be  seen  that  with 


Table  XXIX. — Table  showing  Hie  Variation  in  (he  Quantity  of  Oat  OonnLmed  in  tach 
qf  a  Set-iet  of  Bumtn  to  yield  Unit  Light  trhen  Varying  Quaniilies  of  High' 
potrer  Water  Gas  are  Mixed  tpiih  Low-potctr  Coal  Gas,  t/u  IligK-power  Water 
Gas  being  used  as  an  Enriching  Agent, 


No. 


1 
2 

a 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

21 

2*2 

T6 

•24 

'25 

26 

27 


Consumption  of 

gasper 

Illuminating 
power. 

hour  with 

160 

17-2 

18-0 

Burners. 

Candle-power  gas 
containing 

27  per 

60  per 

Pure 

cent. 

cent. 

coal  gas 

water 

water 

gas. 

gas. 

Standard  Ar^and        

160 

5 

0 

4-7 

4*6 

Sugg'd  table  top,  No.  4     

14 

U 

5 

4 

6 

7 

5 

0 

n                 it            No,  0      

15 

0 

5 

4 

4' 

9 

4 

9 

n                 n             No.  6      

17 

0 

5 

7 

5 

7 

5 

7 

}i                  tt             J^O.  /       

24 

0 

7- 

8 

5 

4 

7 

4 

Sugg's  slit  uaion,  No.  4     

12 

0 

4 

6 

5 

4 

5 

3 

M             II         No.  5    

15 

0 

5 

4 

6" 

0 

5 

4 

,]             ,,         No.  6     

20 

0 

6 

4 

6 

4 

6 

'4 

)  I                                    )  )                          J^  O.      /             a..            ...            ... 

18 

0 

6 

1 

6 

9 

5 

5 

Sugg's  fishtail,  No.  6 

14 

0 

5 

2 

5 

9 

5 

3 

II          II         no,  i 

10 

0 

4 

2 

4 

8 

4 

3 

Bray's  fishtail,  No.  4 

8 

6 

4 

'4 

6 

•4 

5 

4 

II              II            iNO.O 

12 

8 

5 

1 

5 

0 

4 

8 

II              II            ^O,  0 

12 

4 

5 

1 

5 

4 

5 

4 

II          If        no,  i ,. 

14 

0 

5 

2 

5 

2 

5 

2 

Bray's  bats  wing,  No.  6      

17 

0 

5 

8 

6 

6 

6 

2 

Bray's  union,  with    odac  economisci 

15 

0 

5 

0 

4 

7 

4 

■6 

Mint's  bats  wing,  No.  6      

19 

0 

6 

7 

6 

8 

6 

4 

II          11           No.  7      

17 

0 

5 

6 

5 

7 

5 

•7 

Butcher's  burner 

26 

0 

8 

5 

8 

8 

8 

0 

Imitation  Bronner,  No.  4 

10 

0 

3 

5 

3 

5 

3 

4 

Peebles,  No.  4      

9 

■0 

3 

6 

4 

•4 

4 

1 

II      No.  5      

13 

0 

4 

6 

4 

9 

4 

2 

}«       1^1  o.  0      ,     ...     ... 

15 

0 

5 

1 

5 

2 

4 

8 

Sugg's  FArwnd 

Welsbach  C  Dumer  and  mantle 

20 

0 

6 

4 

6 

2 

6 

2 

Max. 

3 

5 

5 

7 

4 

0 

intensity. 

incrca.sed  percentages  of  water  gas  the  quantity  of  gas 
required  to  give  unit  light  with  a  Bray's  No.  4  burner  rose 
to  as  much   as   IGO  per  cent.,  whilst  with  the  standard 


Ctxd  and   Water  Can. 


Per  centime  ofWilcrGai 

Uiugraiu  ihowitig  Iho  ptiruetitage  variation  in  the  <|U[inlily  lA  gaa  toiDtuiucl 
in  etch  of  ■  series  of  bumois  to  yield  unit  light  when  Tarying  quantiticA 
of  high  powor  wBter-g(g  ars  mixed  ivith  high-poHor  coal-g^aa.  lUumioBtiDg 
power  at  both  water  oad  coal-gas  =  17'2  candlea. 
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Argand  burner  the  increase  was  only  6  per  cent.,  and  with 
the  Welsbach  mantle  it  was  nil. 

In    the    tests  with    high-power  coal   and  water  gas- 
Diagram  E  (see  p.  135)  and  Tables  XXVII.  and  XXVIIL 

Table  XXX,^Tdble  thowing  the  PercaUage  Variation  in  the  Quantity  (q  Ooi  Con- 
sumed in  each  qf  a  Series  of  Bvmers  to  yield  Unit  Light  vhen  Varying 
Quantities  of  Uigh-power  (20 '0  candle)  Water  Oas  are  Mixed  with  Loie-power 
Coal  OaSf  the  High-power  Water  Oas  being  used  as  an  Enriching  Agent, 
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2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

21 

22 

23 

24 

25 

26 

27 


Burners. 
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19 


If 

tt 


it 

>f 


II 

II 


Standard  Argand 

Sugg's  table  top,  No.  4    

I,  ,,  iDl o.  o     •••      ... 

, ,  , ,  Xi  O.   O       • . .        ... 

,  ,  ,  ,  i>^  O.       /  ...  ... 

Sugg's  slit  union,  No.  4    

No.  5    

No,  6    

I ,  Ai  o«    f        ...       ... 

Sugg's  fishtail,  No.  6 

jy  « I  ^^  Va    •      •■•  •*■  ■•• 

Bray's  fisntail.  No.  4 ... 

•^ vl»   i    ••«        «••        •■• 

Bray's  bat  swing,  No.  6      

Bmy's  union,  with  Codac  economiscr 
Mint's  batswing.  No.  6      

Butcher's  burner 

Imitation  Bronner,  No.  4 

Peebles,  No.  4     

JL^  \Jm    4/  •«•  •••  •■•  •■• 

i>^  0«     V  ■••  «••  9i«  ••« 

Sugg's  F  Argand 

Welsbach  C  burner  and  mantle 


II 
II 


r 
1 

Consumption  of 

gasper 

V^#%W^1B 

hour  with 

160 

17-2 

18-0 

Candle-power  gas 

power. 

containing 

27  per 

50  per 

Pure 

cent. 

cent. 

coal  gas 

water 

water 

gas. 

gas. 

16- 

0 

100 

94 

92 

14- 

0 

100 

105 

93 

15- 
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100 

91 

91 

17- 
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100 

100 

100 

24- 

0 

100 

95 

95 

12- 

0 

100 

117 

115 

15 

0 

100 

111 

100 

20' 

0 

100 

100 

100 

18" 

0 

ICO 

97 

90 

14' 

0 

ICO 

114 

102 

10 

0 

100 

113 

101 

8 

6 

ICO 

145 

123 

12 

8 

100 

98 

94 

12 

•4 

100 

106 

106 

14 

■0 

100 

100 

100 

17 

•0 

100 

114 

107 

r    15 

•0 

ICO 

94 

92 

19 

■0 

100 

102 

95 

17 

•0 

100 

102 

102 

26 

•0 

100 

104 

94 

10 

•0 

ICO 

100 

97 

9 

•0 

100 

122 

114 

13 

•0 

100 

107 

91 

15 

•0 

100 

102 

91 

200 

100 

97 

97 

Max. 

100 

94 

114 

inten 

sity. 

(see  pp.  132  and  133) — with  Bray's  No.  4  fishtail  burner,  the 
increase  in  consumption  was  220  per  cent,  with  75  per 
cent,  water  gas,  but  with  the  standard  Argand  there  was 


Standard  Argand  Standard  Burner, 
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no  increase,  whilst  with  the  Welsbach  mantle  there  was  an 
actual  decrease  in  the  consumption  of  7  per  cent. 

Tables  XXIX.  and  XXX.  show  the  effect  of  water  gas 
when  used  as  an  enriching  agent. 

Briefly  stated,  the  results  of  the  water  gas  series  are  that 
dilution  of  coal  gas  with  equal  power  water  gas  has  the 
same  effect  in  many  burners  aa  that 
produced  by  a  reduction  of  the 
illuminating  power  of  the  gas,  i.e., 
a  larger  quantity  of  gas  has  to  be 
consumed  in  order  to  obtain  the 
same  illumination,  whilst  the  use 
of  excessive  quantities  of  high- 
power  water  gas  as  an  enriching 
agent  is  without  the  commensurate 
advantages  that  might  have  been 
anticipated,  viz.,  such  as  are 
obtained  from  the  use  of  benzol, 
cannel,  &c. 

The  Standard  Buimer  for  Gas 
Testing  and  Method  of  Consuming 
tlie  Gas  therein. — From  the  fore- 
going discussion  of  the  behaviour  of 
different  gases  in  different  burners, 
it  will  be  seen  that  before  any 
definite  expression  of  value  can  be 
ascribed  to  a  gas,  the  conditions  of 
its  consumption  must  be  accurately 
determined.  For  this  purpose 
what  is  known  as  the  "  London 
Argand  No.  1 "  is  now  generally 
adopted  for  ordinary  gas,  and  for 
richer  gases,  such  as  gas  made 
from  cannel  coal,  a  flat-flame  burner  is  used.  The  London 
Argand  is  described  as  follows  in  the  Gas  Referees'  Notifi- 
cation : — 

The  burner  which  has  been  adopted  as  the  standard 


Fig.  22. 
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burner  for  testing  gas  was  designed  by  Mr.  Sugg,  and  was 
called  by  him  "  Sugg's  London  Argand,  No.  1.*' 

A  full-sized  section  is  shown  in  Fig.  22,  in  which  A  repre- 
sents a  supply  pipe,  B  the  gallery,  C  the  cone,  D  the  steatite 
chamber,  E  the  chimney. 

The  following  are  the  dimensions  of  those  parts  of  the 
burner  upon  which  its  action  depends : — 

In. 

Diameter  of  supply  pipes     0*08 

External  diameter  of  annular  steatite  chamber        0*84 

Internal  diameter  of  do 0*48 

Number  of  holes    24 

Diameter  of  each  hole 0*045 

Internal  diameter  of  cone : 

At  the  bottom 1*6 

A.W  the  top    ... •     •>         l*i/o 

Height  of  upper  surface  of  cone  and  of  steatite 

chamber  above  floor  of  gallery       *  0*75 

For  testing  the  gas  of  the  Gas  Light  and  Coke  and  of  the 
Commercial  Gas  Companies  (which  is  required  to  have  an 
illuminating  power  of  16  candles)  the  chimney  shall  be  6in. 
long  and  1-^in.  in  internal  diameter. 

Sec.  6  of  the  South  Metropolitan  Gas  Act,  1900,  reads  as 
follows : — 

*'  The  burner  for  testing  gas  supplied  by  the  company 
shall  be  Sugg  s  London  Argand,  as  prescribed  by  Sec  38  of 
the  South  Metropolitan  Gas  Light  and  Coke  Company's 
Act,  1876,  and  in  making  such  testings  shall  be  so  used  that 
the  gas  shall  be  burnt  at  such  a  rate  as  shall  give  a  light 
equal  to  16  candles : 

"  Provided  that  when  under  the  provisions  of  this  Act  the 
prescribed  illuminating  power  shall  be  14  candles,  the  said 
burner  shall  be  used  with  the  chimney  prescribed  by  the 
Gas  Referees  for  an  illuminating  power  of  14  candles." 

The  Gas  Referees  are  advised  that  the  words  "  prescribed 
by  the  Gas  Referees  "  in  the  section  of  the  Act  above  quoted 
refer   to   a   prescription   in   the   Notification   of  the   Gas 
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Referees  for  the  summer  half-year  1876,  and  for  several 
previous  years,  which  is  as  follows  : — 

"  For  testing  the  gas  of  the  Imperial  Gas  Company  and 
of  the  South  Metropolitan  Gas  Company  (both  of  which  are 
required  to  have  an  illuminating  power  of  14  candles)  the 
burner  shall  be  the  same  [i.e.,  a  *  Sugg's  London  Argand, 
No.  1 '],  but  shall  be  used  with  a  chimney,  Gin.  long  by  1  Jin. 
diameter. 

"  If  at  any  time  the  gas  flame  mounts  above  the  top  of 
the  chimney,  a  6in.  by  2in.  chimney  shall  be  substituted 
for  the  14-candle  gas." 

The  system  of  testing  formerly  prescribed  and  adopted  was 
to  consume  the  gas  in  the  standard  burner  at  the  rate  of  5  cubic 
feet  per  hour,  whatever  the  quality  of  the  gas  may  be.  Thus, 
if  it  is  an  "  ordinary"  gas  of  extra  good  quality,  this  volume 
of  gas  may  give  a  light  equal  to  17  or  18  candles,  and  the 
chimney  of  the  burner  will  be  full  of  flame,  thus  requiring 
and  using  up  all  the  oxygen  which  can  gain  admittance  to 
the  burner.  On  the  other  hand,  if  the  quality  of  the  gas  be 
very  poor,  say  14  or  13  candles,  or  even  less,  then  the  flame 
will  be  deficient  in  volume,  and  will  be  supplied  with  more 
oxygen  than  is  required,  and  hence  will  be  over-burnt,  whilst 
if  the  quality  be  even  less  than  this  the  character  of  the 
flame  will  be  so  poor,  by  reason  of  its  over-oxidation,  as  to 
be  comparable  to  that  of  a  Bunsen  burner. 

These  considerations  have  naturally  led  to  many 
speculations,  and  various  suggestions  have  been  made. 
These  were  carefully  reviewed  by  Dr.  W.  Pole  in  a  series 
of  articles  which  he  contributed  to  the  Journal  of  Gas 
Lighting  in  October,  1870,  and  therein  he  laid  down  what 
is  known  as  "Pole's  law,"  by  means  of  which  it  is  possible  to 
accurately  gauge  the  quality  of  a  gas  in  the  standard 
burner,  whatever  that  quality  may  be,  instead  of  having 
to  employ  various  buraers  for  various  gases,  and  thus 
destroying  any  reliable  comparisons  between  them,  as  the 
conditions  of  consumption  necessarily  varied  with  each  new 
burner.     By  the  use  of  one  standard  burner  these  variations 
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Avould  be  done  away  with,  and  reliable  comparisons  made* 
As  expressed  by  himself,  Dr.  Pole's  law  is  as  follows  : — 

"  That  during  the  normal  state  of  action  of  a  gas  burner, 
tlie  light  given  varies  directly  as  the  consumption,  m^inus  a 
constant  quantity'* 

"  In  algebraical  language,  let  q  =  quantity  of  gas  con- 
sumed per  hour  in  a  given  burner,  and  L  =  light  produced 
thereby. 

"  Then,  while  according  to  the  original  erroneous  assump- 
tion, 

L  varies  as  g, 

and,  according  to  Farmer's  equally  erroneous  theorem, 

L  varies  as  q*, 

the  true  law  appears  to  be 

L  varies  as  A  (g  —  c) 

where  c  is  constant  for  the  same  burner." 

"  The  principle  involved  in  this  law  appears  to  be  some- 
what as  follows: — When  the  quantity  of  gas  supplied  to  the 
burner  is  very  small  compared  to  its  normal  capacity,  it  is 
burnt  at  a  disadvantage,  having  an  excess  of  air ;  it  is,  in 
fact,  in  the  position  of  a  Bunsen  burner.  Hence,  as  has 
been  often  explained,  the  deposition  of  the  light-giving 
particles  is  impeded,  the  flame  bums  blue,  and  the  light 
developed  is  smaller  than  is  fairly  due  to  the  gas  employed. 
But  as  more  and  more  gas  is  admitted,  this  defect  tends 
gradually  to  remedy  itself,  until  a  point  arrives  where  a 
normal  and  proper  condition  is  reached ;  and  beyond  that 
point  every  increment  of  ga^  gives  a  corresponding  and 
unifo'i'm  increment  of  light.  The  quantity  of  gas 
necessary  to  develop  this  condition  in  the  first  instance 
is  represented  in  our  equation  by  the  constant  c ;  and,  for 
want  of  a  better  name,  I  may  call  it  the  developant  for  that 
burner.  This  quantity,  though  constant  for  the  same  burner, 
varies  materially  for  different  kinds  of  burners,  and  also 
under  other  changes  of  condition." 
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This  law  was  investigated  by  Messrs,  Heisch  and  Hartley, 
who  discussed  their  results  in  a  paper  read  by  them 
before  the  Gas  Institute  in  1884,  in  which  they  gave  the 
following  : — 

"  Rules  for  the  use  of  the  factors  '  A  '  and  '  C '  when  it  is 
desired  to  express  the  power  of  any  gas  at  5  cubic  feet  rate 
per  Iwur: — 

"  (1)  Correct  the  actual  rate  of  consumption  for  barometric 
pressure,  and  for  temperature  of  the  gas,  by  the  aid  of 
factors  in  the  published  tables. 

"  (2)  Multiply  the  difference  between  the  actual  rate  of 
consumption  (corrected)  and  5  cubic  feet  by  the  factor 
*A'  due  to  the  quality  of  the  gas.  (a;  If  the  rate  of 
gas  be  heloxv  5  cubic  feet,  add  the  product  to  the  observed 
amount  of  light.  (6)  If  the  rate  be  above  5  cubic 
feet,  svhtraxit  the  product  from  the  observed  amount  of  light." 

The  following  abstract  is  taken  from  Messrs.  Heisch  and 
Hartley's  valuable  paper:— 

"  The  following  Table  XXXI.  of  actual  tests  with  gas  of 
very  nearly  15  candle  power  exemplifies  our  method  ;  while 
the  last  column  shows  the  grave  errors  which  result  from  the 
present  system  of  correcting  illuminating  power  to  the 
standard  rate.  Only  ordinary  care  was  taken  in  making 
the  tests,  as  may  be  judged  when  the  fact  is  stated 
that  the  whole  series  of  oKservations  were  completed  in  half 
an  hour. 

From  these  results  it  will  be  seen  that  the  new  method 
gives  a  far  more  uniform,  indeed  practically  equal,  value  for 
the  gas,  with  consumptions  varying  from  4*25  cubic  feet 
per  hour  to  5 '37  cubic  feet. 

The  importance  of  this  alteration  will  be  seen  in  connection 
with  the  table  photometer  of  Mr.  Harcourt  now  being  intro- 
duced at  the  Metropolitan  Gas  Testing  Stations,  and  which 
will  have  the  effect  of  considerably  modifying  the  tests  of 
very  poor  gas  in  favour  of  the  companies,  against  the  old 
system  of  always  burning  exactly  5  cubic  feet  per  hour 
under  all  circumstances. 
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Table  XXXI. 

Table  sliowing  the  New  Method  of  Correcting  for  Bate, 

Nearly  15  candle  gas;  maltiplier,  6*8. 
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90 
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4 
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4 
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8 
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11 
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12-850 

4 
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4 
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•428 

2 
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12 

10 

14-796 
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4 
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4 
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•828 

2 
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12 

•82 
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4 
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4 
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•228 

1 
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13 

40 

14-776 

14-040 

4 
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994 

4 

821 

•179 

1 

"128 

18 

80 

14-928 

14-313 

6 

000 

994 

4 
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•080 

0 
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14 

72 

14-909 

14-808 

5 
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994 

5 
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•088 

0 
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15- 

00 

14-761 

14-876 
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994 
cent. 
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extreme 

•888 
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2  189 
ices  ... 
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...  ... 

14-561 

15-642 
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CHAPTER  IX. 

METHODS  OF   ENRICHMENT. 

It  was  shown  by  the  experiments  of  Mr.  Lewis  T. 
Wright,  quoted  in  the  previous  section,  that  the  quality  of 
the  gas  may  vary  considerably  according  to  the  manner  in 
which  the  distillation  is  conducted.  It  will  be  understood 
that  we  are  not  here  concerned  with  all  the  variations 
which  may  take  place,  either  intentionally  or  uninten- 
tionally, but  have  merely  to  consider  the  subject  in  its 
general  bearings  with  a  view  to  an  intelligent  understanding 
on  the  part  of  the  student  of  so  much  of  the  question  as 
will  enable  him  to  form  an  opinion  of  the  merits  or  demerits 
of  various  systems  of  artificial  illumination.  One  of  the 
first  things  that  have  to  be  considered  with  regard  to  the 
best  means  of  utilising  coal  gas  is  the  quality,  which  has  to 
be  dealt  with  in  order  that  the  most  suitable  burner  or 
burners  may  be  selected  for  the  work. 

It  will  be  seen  that  if  the  comparison  of  cost  is  to  be 
made  in  relation  to  a  gas  of  20  candle-power,  the  argument 
will  be  very  different  from  that  founded  upon  a  quality  of 
15  candles,  whilst  in  each  case  the  price  of  the  gas  has  also 
to  be  taken  into  account.  In  many  cases  it  is  assumed  that 
the  quality  of  the  gas  supplied  to  the  consumer  will  be  that 
specified  in  the  companies'  Act  of  Incorporation,  but  this  is 
not  invariably  the  case,  and  if  reliable  comparisons  of  cost 
are  to  be  made,  the  actual  illuminating  power  of  the  gas  at 
the  place  in  question  must  be  ascertained  and  considered. 

It  being  clear  that  the  quality  of  the  gas  is  under  the 
control  of  the  maker,  whose  province  it  is  to  produce  it 
of  a  given  illuminative  value  at  the  lowest  market  price,  we 
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have  next  to  consider  whether  the  different  modes  of 
enriching  a  gas  when  necessary  to  raise  it  to  the  standard 
quality  have  any  effect  on  the  methods  of  combustion 
generally  employed. 

The  methods  employed  by  the  gas  maker  for  increasing 
the  quality  of  the  gas  are  as  follows : — 

(1)  Admixture  of  a  richer  gas,  such  as  that  obtained  from 
cannel  coal. 

(2)  The  diffusion  into  the  gas  of  the  vapour  of  light 
petroleum  oils,  such  as  benzoline,  carburine,  gasoline,  &c 

(3)  Addition  of  rich  gases  obtained  by  the  destructive 
distillation  of  tar,  &c.,  which  may  be  added  to  the  coal  at 
the  time  of  its  admission  to  the  retort. 

(4)  Mixing  with  the  gas  other  gas  obtained  by  the  decom- 
position of  crude  oils. 

(5)  The  addition  of  "water  gas"  enriched  with  light 
petroleum  oils  made  more  or  less  permanent  by  the  action 
of  heat. 

The  first  of  these  may  bo  termed  the  "  old-fashioned " 
method,  having  been  in  general  use  for  many  years,  but  in 
consequence  of  the  high  price  of  cannel  coal,  various  substi- 
tutes have  been  employed,  with  the  result  that  the 
behaviour  of  the  enriched  gas  flame  in  a  burner  is  very 
different  from  that  of  the  gas  produced  simply  from  coal 
alone.  For  instance,  with  coal  gas  of  16-candle  quality  a 
flame  produced  by  the  consumption  of  flve  cubic  feet  per 
hour  in  a  standard  Argand  burner  would  be  as  nearly  as 
possible  Sin.  in  height.  By  the  introduction  of  some  of  the 
rich  gases  obtained  by  superheating  petroleum  spirit,  &c., 
the  height  of  the  flame  required  to  produce  the  same 
intensity  of  light  would  be  about  2  Jin.  in  height,  or  less ; 
thereby  giving  a  more  concentrated  illumination,  although 
of  the  same  total  luminous  energy.  This  effect  is  greatly 
enhanced  in  regard,  say,  to  20-candle  gas  from  coal,  which 
cannot  be  properly  burnt  in  the  standard  London  Argand 
burner  with  a  Gin.  chimney,  as  the  flame  tails  out  of  the 
top  of  the  chimney  in  a  long  trail  of  smoke.    Yet  when  a 
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20-candle  oil  gas  is  burnt  in  the  same  burner  the  height  of 
the  flame  may  not  be  more  than  from  2.\\Ti,  to  2Jin.  We 
have  only  to  carry  the  comparison  one  step  further  to  make 
the  point  perfectly  clear.  Let  the  reader  consider  the 
extremely  small  flame  necessary  to  produce  a  light  of  almost 
any  candle-power  by  the  combustion  of  acetylene,  and  he  will 
readily  understand  how  variations  in  the  methods  of  enrich- 
ing ordinary  coal  gas  will  influence  its  behaviour  on  com- 
bustion in  any  given  burner. 

There  is  a  method  of  enriching  gas,  not  included  in  the 
above,  which  has  come  into  use  very  largely  during  the  past 
fifteen  years,  viz.,  the  albo-carbon  system.  In  this  the  gas 
is  heated  on  its  way  to  the  burner,  and  passes  over  melted 
naphthalene,  a  certain  quantity  of  which  it  takes  up  and 
carries  forward  to  the  point  of  ignition,  with  the  result  that 
a  very  considerable  increase  in  the  illumination  is  obtained. 
This  will,  however,  be  more  fully  considered  later  on. 


(     14G    ) 


CHAPTER    X. 

GAS  METERS. 

In  pursuance  of  the  scheme  of  the  present  work,  it 
will  nov/  be  necessary  to  explain  the  method  adopted  for 
the  measurement  of  gas  intended  for  use  as  an  artificial 
illuminant.  The  average  householder  has  a  rooted  con- 
viction that  by  some  mysterious  means  the  gas  company 
always  manages  to  get  the  whip  hand  in  regard  to  the 
measurement  of  the  quantity  of  gas  consumed.  All  that 
he  knows  is  that  there  is  a  thing  called  a  '*  meter  "  some- 
where in  his  house,  generally  in  the  coal-cellar  or  other 
inconvenient  and  all  but  inaccessible  place,  and  that  from 
time  to  time  the  "  gas  man "  wants  to  look  at  it, 
and  then  sends  in  his  bill,  which  most  householders 
firmly  believe  is  a  great  deal  too  high  ;  and  that  when  the 
company  arc  so  inclined,  they  have  the  power  of  "  forcing 
the  gas  through  the  meter"  to  their  heart's  content. 
Although  there  may  in  some  cases  bo  good  ground  for 
complaint  as  to  the  amount  of  the  bill,  and  honest  John 
Bull  feels  that,  whatever  the  cause  may  be,  he  has  not  had 
the  full  value  for  his  money,  yet  the  cause  of  the  trouble 
has  seldom  anything  to  do  with  the  meter,  as  will  be  seen 
from  Chapter  VIII.,  in  which  we  considered  the  eflfect  of 
the  quality  of  the  gas  supplied  in  relation  to  its  use  in  various 
burners,  and  the  light  obtained  thereby.  A  good  gas  meter — 
and  there  are  really  very  few  bad  ones — is  a  beautiful 
scientific  instrument,  constructed  to  most  exact  measure- 
ments, and  tested  under  the  most  rigid  conditions  before  it 
is  allowed  to  be  used.  In  fact,  any  person  using  a  meter 
which   docs   not  bear  the   official    stamp    issued  by  the 
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Standards  Department  of  the  Board  of  Trade,  and  that  of 
the  official  Gas  Meter  Inspector  appointed  by  the  ratepayers, 
i.e.,  the  County  Council  or  the  Justices  of  the  Peace,  is 
liable  to  a  fine  of  £5. 

In  the  early  stagas  of  gas  manufacture  by  private 
individuals  and  companies,  and  after  this  industry  had 
become  a  commercial  success,  it  naturally  followed  that 
manufacturers  should  turn  their  attention  to  some  mode  by 
which  they  could  check  the  amount  of  gas  supplied  to  the 
consumers.  Their  first  step  in  this  direction  was  to  arrange 
with  the  consumer  that  he  should  bum  gas  for  so  many 
hours  from  a  given  burner,  naming  the  time  the  gas  should 
be  lit  and  extinguished ;  but  this  led  to  continual  disputes, 
owing,  in  most  cases,  to  dishonesty  on  the  part  of  the 
consumer,  or  to  groundless  suspicions  that  the  supplier  was 
being  taken  advantage  of.  This  method  was  also  expen- 
sive, owing  to  the  necessity  of  the  gas  manufacturer  having 
to  employ  a  large  number  of  detective  Inspectors  to  see 
that  the  lights  were  lit  and  extinguished  at  the  proper 
times.  The  demand  was  therefore  created  for  an  instru- 
ment which  would  accurately  measure  the  amount  of  gas 
delivered. 

Probably  a  gas  meter  is  the  most   ill-used    piece    of 

mechanism  in  existence.     It  has  to  register  an  elastic  gas 

driven  through  it  at  different  pressures.    It  is  fixed  as  a 

rule  in  draughty,  damp,  and  unsuitable  places.    Its  works 

are  as  intricate  as  those  of  a  watch.    Its  various  sliding  and 

other  movements  are  more  numerous  than  those  of  an 

engine.     Further  than  this,  the  majority  of  its  parts  have 

to  work  surrounded  by  gas,  which  necessarily  must  leave 

deposits  of    gas    liquor    of    a    sticky  nature.      All    this 

mechanism  has  to  be  enclosed  in  a  hermetically  sealed  case, 

wiihout  any  means  of  lubricating  or  cleaning  the  parts ; 

but,  notwithstanding  its  being  thus  treated,  it  will  remain 

at  work  for  many  years,  and  when  taken  down  and  placed 

upon  the  test  table  of  the  Government  Inspector  appointed 

und^r  tho  "  Sales  of  Gas  Act "  it  is  found  in  most  instances 

h  3 
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to  register  correctly,  or  only  show  a  small  percentage  of 
error. 

Gas  meters  are  divided  into  two  classes — dry  and 
wet  meters.  Both  have  advantages  and  disadvantages ;  but 
the  dry  meter  has  for  many  years  past  been  in  the 
ascendency. 

The  dry  meter  is,  roughly  speaking,  an  instrument  com- 
posed of  valves,  which  open  and  close  to  admit  or  let  out 
gas  to  or  from  chambers  which  have  a  moving  part  expand- 
ing or  contracting,  according  to  whichever  side  of  the  disc 
the  pressure  of  gas  is  exerted.  These  discs  are  connected 
to  the  valves  by  means  of  rods  and  levers  to  control  the 
flow  of  gas.  They  are  fixed  measurers  of  gas,  and  the 
registration  of  the  meters  cannot  be  tampered  with  without 
damage  to  the  outside  case. 

The  wet  meter  is  an  instrument  composed  of  a  series  of 
chambers,  or  holders,  which,  after  receiving  the  gas,  dip 
into  water  or  some  other  fluid,  and  are  driven  out  again  by 
the  pressure  of  gas.  By  this  pressure  on  the  succeeding 
chamber  the  motive  power  is  gained.  The  capacity  of  these 
chambers  is  dependent  for  their  correct  registration  on  the 
quantity  of  water  in  the  meter,  which  necessarily  varies 
through  evaporation.  This  causes  great  inconvenience  by 
condensation  in  the  fittings,  and  necessitates  occasional 
attendance  to  replace  the  water,  and  special  care  to  prevent 
it  from  freezing. 

Early  dry  meters.  —  There  is  little  doubt  that  the 
original  idea  of  a  dry  meter  was  taken  from  a  pair  of 
bellows,  it  being  acted  upon  by  the  pressure  of  gas  to  make 
it  expand  and  contract,  the  direction  of  the  gas  to  the 
chambers  being  regulated  by  valves.  Various  materials 
wero  tried  for  the  flexible  part  of  the  bellows,  hereafter 
described  as  diaphragms.  The  following  are  some  of  the 
materials: — Silk,  canvas,  thin  metal,  india-rubber  in  the 
form  of  macintosh,  parchment,  gold-beaters'  skin,  &c.,  the 
pores  of  which  were  filled  up  with  oil,  wax,  gums,  and 
many  other  substances,  but  none  have  succeeded  so  well  as 
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the  employment  of  leather,  which,  if  properly  selected  and 
dressed,  remains  pliable  and  soft  for  any  length  of  time, 
because  the  gas  is  always  depositing  smiill  particles  of  oil 
on  to  the  leather  during  the  time  the  meter  is  working,  and 
thus  lubricating  it.  The  diaphragms  have  been  tried  on  the 
top,  sides,  and  bottom ;  also  horizontally  and  perpendicularly, 
but  none  have  been  so  successful  as  those  placed  perpendicu- 
larly in  the  lower  portion  of  the  meter. 

With  regard  to  the  valves  which  control  and  direct  the 
flow  of  gas  to  the  diaphragm,  taps,  spring  valves,  throttle 


valves,  click  valves,  and  rotary  valves;  whilst  iron,  porcelain, 
brass,  china,  gun-metal,  leather,  and  other  substances  have 
been  tried,  but  experience  has  shown  that  an  ordinary  D- 
slide  valve,  with  a  setting  of  three  port-holes  made  of  anti- 
corrosive  white  metal,  is  the  best. 

Fig,  23  shows  one  of  the  earliest  forms  of  diy  meters.  It 
is  a  single  diaphragm  contained  in  a  circular  case  placed 
above  the  valve  chamber,  which  is  at  the  bottom  of  the 
meter,  behind  the  index.  This  valve  alternately  allows  the 
gas  to  flow  into  the  back  and  front  of  the  diaphragm, 
causing  the  diaphragm  to  fall  fwward,  owing  to  the  pressure 
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of  gas  playing  on  the  back.  This  motion  shifts  the  valve 
and  brings  the  pressure  of  gas  on  to  the  front.  The  dia- 
phragm then  goes  back  to  its  former  position,  each  pulsa- 
tion discharging  a  given  quantity  of  gas,  which  passes  away 
into  the  consumer's  fittings. 

The  defect  in  this  meter,  however,  was  that  owing  to  the 
clumsy  form  of  the  diaphragm  and  the  action  of  a  "  tum- 
bler" controlling  the  valves,  the  lights  were  ver}^  un- 
steady— a  defect  which  was  very  much  added  to  by 
the  bagginess  of  the  leather  of  the  diaphragm.  The 
quantities  of    gas  discharged   by  it  were  uncertain,  and 


Fig.   24. 


Fig.   25. 


therefore  the  registration  was  defective.  Being  hinged  at 
the  bottom,  it  required  an  extra  pressure  of  gas  to  raise  the 
diaphragm  over  the  centre  of  gravity,  and  directly  it 
arrived  at  this  point,  on  its  downward  path,  it  dropped  with 
a  jerk,  with  disastrous  results  to  its  effectual  working. 
This  form  was  very  soon  condemned. 

A  great  advancement  wa.s  made  with  another  meter 
similar  to  this  one,  by  the  following  additions  and  altera- 
tions : — Two  diaphragms  were  introduced  instead  of  one, 
which  were  better  supported  with  a  rod  and  hinged  tee 
piece.  Their  position,  as  well  as  that  of  the  valves,  was 
reverted,  the  diaphragm  being  placed  at  the  bottom  of  tho 
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meter,  whilst  the  valves  were  placed  at  the  top.  Although 
this  somewhat  reduced  the  tw^o  defects  of  the  previous 
meter,  it  was  still  imperfect. 

The  next  improvement  was  the  introduction  of  a  dia- 
phragm of  the  shape  shown  in  Figs.  24  and  25.  ITiis  was  the 
first  dry  meter  from  which  a  steady  light  was  obtainable. 
The  construction  of  the  diaphragm  was  as  follows: — Into  a 
square  metal  frame  was  fixed  a  sheet  of  leather,  which  had 
previously  been  blocked  into  a  conical  shape.  Attached  to 
this  leather  were  four  triangular  shields,  so  placed  that  they 
formed  a  hinge  between  the  square  frame  and  the  base  of 
the  triangular  pieces  A  flexible  partition  was  also  formed 
between  the  sides  of  these  triangles.  These  shields  were 
supported  at  the  vertex  by  a  four-armed  tee  piece,  attached 
to  a  flag  and  rod.  The  construction  of  the  rod  allowed  it 
to  move  steadily  backwards  and  forwards  when  acted  upon 
by  the  gas  under  the  control  of  the  valves  similar  to  the 
former  meters.  The  meter  was  sometimes  fitted  with  two 
diaphragms,  but  more  often  with  three.  It  was  also  fitted 
with  D  sliding  valves,  made  of  white-metal  and  gun-metal, 
but  the  majority  w^ere  made  with  a  circular  valve  and 
grating,  the  valve  being  made  of  leather,  the  grating  of 
white  metal.  This  meter  worked  remarkably  well  for 
many  years,  but,  owing  to  the  leather  having  to  pass  the 
point  of  attachment  in  the  square  metal  frame  at  each 
movement  and  forming  a  hinge,  the  bottom  part  cracked 
and  split,  which  allowed  the  gas  to  pass  through  the  meter 
unregistered. 

After  seveml  improvements,  a  pattern  was  arrived  at 
which  is  now  adopted  by  nearly  all  the  leading  makers,  not 
only  at  home,  but  abroad  and  in  the  Colonies.  Consider- 
ably more  than  two  thirds  of  all  the  meters  made — whether 
wet  or  dry — are  constructed  on  these  lines. 

What  is  known  as  a  "five-light  meter,"  which  is 
illustrated  in  the  accompanying  drawing,  is  taken  as  an 
example,  and  in  order  that  its  construction  may  be  fully 
understood,  and  the  various  actions  followed  in  their  proper 
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sequence,  several  views  are  depicted,  in  which  Figs.  26, 27, 30, 
and  31  are  vertical  crass-sections  upon  a  line  approximately 
mid-way  through  the  bellows  and  valves.  Figs.  28,  29,  32 
and  33  are  plans  with  the  top  cover  removed  and  a  portion 
of  the  valve  box  broken  away  to  more  clearly  show  the 
relative  positions  and  action  of  the  valves. 

Fig.  34  is  a  front  elevation  with  the  front  removed  and 
partly  in  section,  while  Fig.  35  is  an  under-plan  showing 
more  particularly  the  construction  of  the  valve  plate. 
Fig.  36  represents  the  front  view  of  the  completed  meter. 

Throughout  the  following  description,  and  in  the  several 
views,  like  letters  are  used  to  denote  like  parts.  Further- 
more, the  respective  views  represent  the  meter  mechanism 
in  its  various  phases  throughout  a  complete  cycle  of  opera- 
tions. 

The  body  of  the  meter  is  divided  vertically  into  two 
chambers  A  A*  by  the  plate  B,  to  which  plate — on  either 
side — are  attached  the  flexible  bellows  C  C*  and  diaphragms 
DD>. 

The  body  of  the  meter  is  also  divided  horizontally  by  the 
plate  E,  thereby  forming  a  chamber  above  for  the  reception 
of  the  registering  mechanism  G — Figs.  28,  29,  32,  and  33 
Upon  the  top  of  the  plate  E,  and  within  the  chamber  F 
(see  Fig.  34),  is  formed  a  box  H,  which  contains  the  valves 
I P,  covering  port-holes  that  communicate  respectively  with 
the  interior  and  exterior  of  the  bellows  on  either  side  of 
the  vertical  division  B,  as  fully  explained  later.  It 
will  be  noticed  that  the  inlet  J  (on  the  left-hand  side  of 
Fig.  34)  communicates  with  a  passage  K  on  the  underside  of 
the  plate  E,  which  latter  has  an  orifice  L  leading  into  the 
valve  box  H.  This  passage  K  has  a  dead  end  at  M,  formed 
by  the  intersection  of  the  two  channel  plates  N  N*,  as  can 
be  very  clearly  seen  by  Fig.  35  (page  157).  These  channels 
N  N  communicate  respectively  with  the  exhaust  ports  of 
the  valves  and  the  outlet  pipe  0.  The  foregoing  valves 
1 1'  are  known  in  steam  practice  as  D  valves,and  they  work 
upon  a  grid  having  three  openings  or  ports,  the  middle  port 
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being  known  as  the  exhaust  port,  which  communicates  with 
the  channels  N  N^  as  previously  pointed  out.  One  of  the 
other  two  ports  Q  Q*  of  each  valve  opens  into  the  interior 
of  the  bellows  C  C*  by  a  communicating  pipe  P  P^  soldered 
on  either  side  of  the  vertical  division  B.    The  other  port 
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R  R*  of  the  valves  opens  into  the  body  chamber  A  A',  but 
outside  the  bellows. 

The  diaphragms  D  D*  of  each  bellows  are  attached  by  a 
hinge  SS*  to  flagwires  T  T'  that  pass  into  the  chamber  F 
through  stuffing-boxes  and  glands  (see  Fig.  34)  that  edcctu- 
ally  prevent  the  escape  of  gas  into  the  said  chamber,  but  at 
the  same  time  allow  the  flagwires  T  T*  to  turn  freely,  and 
transfer  motion  by  means  of  the  connecting  links  U  U*  (sec 
Figs.  28,  29,  32,  33,  and  34)  to  the  spindle  V,  that  passes 
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through  a  stuffing-box  to  the  interior  of  the  valve  box  H. 
The  lower  end  of  the  spindle  V  is  formed  as  a  crank,  and  is 
connected  to  the  D  valves  1 1,  by  links  W  W\ 

These  valves  and  the  points  they  cover  are  arranged  at  an 
angle  of  45'deg.  to  a  line  drawn  through  the  centre  of  the 
meter,  which,  therefore,  gives  an  advance  movement  of 
one  valve  over  the  other  of  about  90  deg.,  with  the  object 
of  ensuring  that  the  flow  of  gas  through  the  meter  is 
uninterrupted. 

Upon  the  top  of  the  spindle  V  is  fitted  a  worm  X,  which, 
by  a  wheel  Y  and  spindle  Z,  communicates  motion  to  the 
train  of  gearing  G. 

Presuming  in  the  first  place  that  the  air  has  been  driven 
out  of  the  meter,  and  that  gas  is  passing  into  the  inlet  J, 
from  which  to  the  outlet  0  its  passage  will  be  traced 
consecutively,  the  method  of  operation  is  as  follows  : — 

Referring  more  particularly  to  Fig.  34,  the  gas  passing 
down  the  inlet  pipe  J  enters  the  channel  K,  passes  through 
the  orifice  L  into  the  chamber  H;  the  valves  at  this 
juncture  being  in  the  position  shown  in  Figs.  2G,  28 — that 
is  to  say,  the  port  R  of  the  valve  is  fully  open  to  allow  the 
gas  to  pass  through  in  the  direction  indicated  by  the  arrows 
to  fill  the  chamber  A,  and,  by  its  pressure  upon  the  dia- 
phragm D,  cause  it  to  close  in  and  expel  the  gas  through 
the  passage  P,  port  Q,  and  under  the  valve,  through  the 
exhaust  into  the  channel  N  to  the  outlet  O  (Fig.  34),  thence 
into  the  consumer's  pipes. 

As  the  diaphragm  D  moVes  under  the  pressure  of  the  gas, 
it  turns,  by  means  of  the  hinge  S,  the  flagwire  T,  and 
rotates  the  crank  spindle  a  quarter  turn,  by  this  means 
bringing  the  valves  into  the  position  shown  in  Figs.  27  and 
29,  in  which  the  corresponding  valve  port  R'  is  now  fully 
open  to  admit  gas  to  the  chamber  A^  press  on  the  dia- 
phragm D\  expel  the  gas  in  C^  through  the  pipe  P*  port 
Q*  under  valve,  through  exhaust,  into  the  channel  N*  to 
the  outlet  O,  as  before  described  with  reference  to  the 
chamber  A. 
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The  diaphragm  D  in  its  movement  inwards  has  com- 
municated motion  to  the  crank  spindle  V  (Fig.  34)  in  the  same 
manner  as  the  previous  one,  and  has  gradually  moved 
the  valves  to  the  position  shown  in  Figs.  30,  32,  in  which 
it  will  be  noticed  that  the  port  Q  is  fully  open  for  the 
gas  to  enter  by  the  channel  P  and  fill  the  bellows  to  the 
utmost  extent  of  its  movement,  and  expel  the  gas  pre- 
viously fed  into  the  chamber  A  back  through  the  port 
R,  under  the  valve  through  the  exhaust  port,  to  the  channel 
N,  and  thence  by  pipe  O  to  outlet,  by  which  time  a  further 
movement  has  been  communicated  to  the  valve  spindle  V 
in  the  manner  now  well  known,  bringing  the  valves  into 
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the  position  shown  in  Figs.  31,  33,  for  the  gas  to  enter  the 
port  Q^  and  expand  the  other  bellows  C\  forcing  out  the 
gas  in  chamber  A^  thi-ough  the  port  R\  under  the  valve, 
by  way  of  exhaust  channel  N^  to  the  outlet  O,  and  thus 
bringing  the  valves  into  the  position  shown  on  Figs.  26,  28, 
for  another  cycle  to  commence. 

The  crank  V  has  now  been  revolved  one  complete  turn, 
which  turn  is  duly  recorded  by  the  index.  It  will  now  be 
clearly  understood  that  the  gas  alternately  enters  and 
expands  the  bellows  from  the  chamber  H  through  a  given 
port,  and  expels  the  gas  in  the  chamber  A  through  the  other 
port,  and  the  gas  that  previously  entered  the  bellows  is 
expelled  back  through  the  same  port;  but  by  reason  of 
the  movement  of  the  valve,  it  is  caused  to  pass  away 
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through  the  exhaust  to  the  outlet,  and  this  cycle  is  carried 
on  continuously  on  either  side — that  is  to  say,  it  is 
equivalent  to  gas  entering  a  cylinder  at  the  forward  side 
and  forcing  the  piston  along  to  expel  gas  previously  entered 
at  the  back  of  the  piston,  and  then  by  the  change 
over  of  the  valves  the  reverse  takes  place — the  gas  eDteiing 
at  the  back   of    the    piston    to    force    the    gas    out    at 


the  front  side,  but  in  each  case  passing  through  the 
exhaust  port  to  the  consumer's  pipes. 

Now,  inasmuch  as  the  diaphragm  D  D'  has  a  definite 
movement  or  stroke,  and  the  area  of  the  diaphragm  is 
known,  it  follows  that  at  each  pulsation  of  the  bellows  a 
known  cubical  quantity  of  gas  enters  the  bellows,  and  by 
the  outward  movement  of  the  diaphragm  a  similar  amount 
is  displaced  and  passes  away  to  the  consumer's  pipes,  and 
by  reason  of  the  train  of  gearing  being  calculated  to  a  given 
ratio  of  such  outward  movenienta  of  the  bellows,  a  cubic 
foot  is  registered  when  a  cubic  foot  has  passed. 

Moreover,   should    the    meter    by    comparison    with   a 
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standard  meter  be  found  to  be  either  fast  or  slow,  the 
stroke  or  amount  of  outward  and  inward  movement  of 
the  diaphragm  is  regulated  by  shifting  the  tangent  pin  A 
nearer  to  or  farther  from  the  crank  centre  V,  so  the 
mechanism  can  be  adjusted  to  give  extremely  accurate 
results,  and  yet,  at  the  same  time,  the  gas  continually  flows 
through  the  meter  without  interruption,  because  one  of  the 
valves  being  in  advance  of  the  other,  one  or  other  of  the 
ports  is  always  open  before  the  other  closes. 

The  bent  wire  b  ¥  is  hinged  to  pillars  C  C\  and  rides 
in  slots  of  a  plate  attached  at  either  side  of  the  diaphragm 
to  cause  it  to  move  out  regularly,  instead  of  unevenly,  as 
would  otherwise  be  the  case.  It  should  be  noticed  that, 
throughout  the  several  views,  the  passages  leading  from 
the  bellows  to  the  parts  of  the  slide  valves  are  shown  as 
pipes,  to  more  clearly  indicate  the  passage  of  the  gas,  and 
are,  therefore,  not  to  be  taken  as  representing  the  actual 
construction  of  these  passages  as  adopted  in  a  meter. 

As  before  explained,  the.  valves  are  opened  and  shut  by 
the  motion  of  the  diaphragms  D  D\  with  which  they  arc 
connected  by  means  of  the  flagwires  T  T\  and  the  valves 
are  so  arranged  that  one  of  the  chambeis  is  receiving  and 
the  other  discharging  gas,  so  that  the  bellows  are  never 
both  full  or  both  empty  at  the  same  time ;  each  chamber  is 
distinct  from  the  other,  but  they  are  connected  together  by 
the  rods  and  top  mechanism,  so  that  one  cannot  move  with- 
out the  other. 

The  horizontal  sliding  motion  of  the  valves  is  converted 
into  a  rotary  motion  for  working  the  index,  which  consists 
of  a  very  simple  train  of  wheels  and  pinions  (similar  to 
those  u«^ed  for  clockwork)  and  by  hands  or  pointers  adapted 
to  move  over  a  series  of  indices,  by  which  the  gas,  as  it  is 
measured  in  its  passage  through  the  meter,  is  registered. 
The  index  shown  at  Fig.  37  is  that  usually  attached  to  a  ten- 
light  meter,  the  small  dial  at  the  top  having  five  divisions 
representing  imits,  so  that  when  the  pointer  has  moved 
once  round  this  dial  it  will  indicate  that  five  cubic  feet 
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have  passed  through  the  meter.  Each  of  the  other  three 
indices  are  divided  into  ten,  and  are  capable  of  recording 
from  100  to  100,000  cubic  feet.  The  three  lower  dials  are 
marked  respectively  1  thous.,  10  thous.,  100  thous.,  indicat- 
ing that  when  the  hand  of  any  one  of  these  three  dials  has 
made  a  complete  revolution,  it  will  count  as  either  1000, 
10,000,  or  100,000  respectively,  and  it  is  not  to  be  taken 
that  when  the  hand  has  moved  from  1  to  2  a  thousand  has 
passed,  but  only  100 ;  therefore,  the  first  dial  represents  in 
each  division  so  many  hundreds,  the  second  dial  so  many 
thousands,  and  the  third  dial  so  many  tens  of  thousands. 
For  example,  each  division  of  the  dial  marked  1  thous.  is 
equal    to    100,   and    a  complete  revolution  of  the  hand 
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Fig.  37. 

to  1000.  Each  division  of  the  dial  marked  10  thous.  is 
equal  to  1000,  and  a  complete  revolution  of  the  hand,  to 
10,000.  Each  division  of  the  dial  marked  100  thous.  is 
equal  to  10,000,  and  a  complete  revolution,  to  100,000. 

In  reading  the  index  of  a  meter  it  must  be  remembered 
that  two  ciphers  (00)  are  always  understood  to  be  placed  at 
the  right  of  the  figures  on  the  dial  marked  1  thous.,  so  that 
1,  2,  3,  denote  100, 200,  300,  and  so  on  to  900.  When  the 
hand  upon  the  1  thous.  dial  has  completed  a  revolution  and 
points  towards  0,  the  hand  on  the  centre  dial  will  have 
moved  from  0  to  1.  Three  ciphers  (000)  have  then  to  be 
added  to  these  figures,  making,  with  the  1  just  mentioned, 
1000.  The  same  method  of  decimal  computation  applies  to 
the  left-hand   dialj  the  first  figure   denoting  10,000,  the 
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second  20,000,  and  so  on  until  the  pointer  has  gone  round 
to  0,  when  the  total  quantity  of  gas  recorded  will  be 
100,000.  It  must  be  remembered  that  the  pointers  on  the 
outside  dials  move  from  left  to  right  in  the  same  direction 
as  the  hands  of  a  watch.  The  pointer  on  the  centre  dial 
moves  from  right  to  left.  This  is  done  to  simplify  the 
mechanism  and  prevent  unnecessary  friction.  As  examples 
of  the  method  of  ascertaining  from  time  to  time  the 
quantities  of  gas  consumed,  and  of  keeping  a  record  of 
the  same,  the  following  instructions  should  be  followed : — 
The  figures  must  be  read  in  their  proper  order  of  units, 
tens,  and  hundreds,  beginning  with  hundreds,  which,  of 
course,    is   the   first   figure    at  the    left-hand,   and    being 
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careful  always  to  take  the  figure  next  behind,  never  in 
advance  of,  the  pointer.  Thus,  in  Fig.  37,  the  state  of  the 
index  is  1,  2,  3,  which  is  immediately  made  intelligible  by 
the  addition  of  two  ciphers  (as  before  explained),  the 
quantity  of  gas  registered  being  12,300  (twelve  thousand 
and  three  hundred)  cubic  feet  After  a  few  weeks  or 
months,  according  to  the  number  of  burners  and  the  season 
of  the  year,  on  again  examining  the  index  we  will  suppose 
the  figures  to  be  as  shown  in  Fig.  38,  namely,  1,  4,  9,  which, 
by  the  addition  of  two  ciphers,  become  14,900.  If  from 
these  we  deduct  the  former  12,300,  the  gas  consumed  will 
have  been  2600  since  the  previous  inspection. 

Let  it  be  noticed  that,  although  the  hand  upon  either  of 
the  dials  may,  as  in  the  case  last  mentioned,  point  towards 
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any  one  of  the  figures,  that  particular  figure  will  not  be  the 
correct  indication  unless  the  hand  upon  the  dial  imme- 
diately to  the  right  has  completed  its  revolution.  In  this 
respect  the  same  rule  must  he  obeerved  as  with  clocks  and 
watches.  Supposing  the  hour  hand  to  point  towards  2  and 
the  minute  hand  towards  11,  it  would  not  be  coirect  to  say 


it  was  2  o'clock.  In  the  present  case,  the  hand  on  the 
centre  dial  points  towards  5,  and  that  on  the  right-hand 
dial  between  9  and  0 ;  but,  as  the  latter  has  not  arrived  at 
0  the  record  is  not  15,000,  but,  as  already  stated,  the 
figures  next  behind  the  pointers  must  be  taken  down, 
namely,  14,900,  or  more  exactly,  14,950. 

pie  Wet  Meter. — There   is  po  doubt    that  this  meter 
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originated  from  the  mode  in  which  gas  makers  timed  the 
rising  and  falling  of  their  gasholders.  They  were  in  those 
days  in  the  habit  of  marking  a  scale  up  the  side  of  the 
holder,  and  by  taking  into  account  the  fact  that  during  the 
day  gas  was  being  made  and  little  consumption  taking 
place,  and  that  at  night  little  gas  was  manufactured  and 
the  consumption  was  at  its  greatest,  they  were  enabled 
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to  get  an  approximate  idea  of  their  manufacture  and 
consumption. 

Figs.  39  and  40  show  an  early  form  of  what  might  be 
termed  a  holder-meter.  The  twin  bells  worked  up  and 
down  alternately,  and,  by  a  lever  attached  to  them,  a  slide 
valve  was  moved,  which  allowed  the  entrance  of  gas  into 
and  out  of  the  valves. 

One  of  the  first  drum  meters  made  is  shown  in  Fig.  41. 
It  has  two  chambers.  The  gas  enters  in  through  the 
spindle,  passes  into  the  chambers  through  the  syphon  pipes 
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and  the  outlet,  which  is  a  small  hole  on  the  outside  of  the 
drum,  to  the  outlet  of  the  meter. 

Figs.  42  and  43  illustrate  one  of  the  first  meters  having  a 
four-partition  drum.     In  this  ease  the  gas  enters  into  a 
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centre  chamber  of  the  drum  by  meaUs  of  a  spout.     From 
this  inner  chamber  it  entei's  into  the  measuring:  chambers 
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through  a  slit,  and  as  it  revolves,  escapes  through  another 
opening  at  the  top. 

The  meter  shown  in  Fig.  44  may  be  taken  as  the  standard 
pattern  now  in  general  use.     The  only  addition  or  variance 
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from  this  meter  is  an  attachment  to  counteract,  or  coiintcr- 
pobc,  the  evaporation  of  water — a  defect  which  none  of 
the  former  meters  had  overcome.  In  this  meter  the  gas 
enters  through  the  casing  of  the  meter  by  an  elbow  pipe 
into  the  drum.  This  drum  revolves  on  its  .shaft,  and 
is    divided    into    four    distinct    chambers    im    shown    in 


Fig.  io,  which  also  shows  one  of  the  four  paiis  with  its 
fioping  partitions.  Figs.  46  to  49  give  the  other 
diviiiioiw  of  the  drum,  hack,  front,  and  top,  together  with 
one  section  out  of  the  water-line.  The  action  of  the  meter 
Is  shown  in  Fig.  50.  On  the  back  of  the  drum  is  a  liood- 
piccc,  covering  up  the  four  openings  of  the  different 
chambent.    The  hood  is  kept  supplied  with  gas  by  the 


166 


Wet  Meter. 


spout,  which  is  really  a  continuation  of  the  company's 
main.  As  the  opening  of  the  drum  at  the  back  is 
above  the  water-line  the  gas  enters  underneath  one 
of  the  chambers  and  presses  it  forward  until  the 
opening  dips  into  the  water  on  the  reverse  side,  enclosing  a 
certain  quantity  of  gas,  dependent  upon  the  height  of 
the  water-line.  By  the  time  that  this  movement  has  taken 
place,  the  second  chamber  shows  an  opening,  and  takes  up 
the  work  of  its  predecessor,  and  so  on  until  each  chamber 
has  done  its  work  in  rotation.     The  gas  in  the  chambers  is 


Fig   45. 

allowed  to  escape  by  an  opening  or  slit  in  the  front  of  the 
drum  to  the  outlet  of  the  meter. 

Fig.  50  is  the  form  of  meter  made  for  large  con- 
sumei-s,  or  station  meters,  and  is  supplied  with  a  small 
stream  of  water  flowing  into  it,  the  surplus  water  being 
allowed  to  escape  through  a  suitable  draw-off  plug.  In 
smaller  meters  a  float  arrangement  is  fixed — see  Fig.  44. 
This  float  is  allowed  a  certain  margin  of  water-line,  and 
when  the  meter  is  not  continually  being  refilled  it  drops 
down  and  shuts  off  the  supply  of  gas.    But  most  companies 
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now  insist  upon  having  some  sort  of  compensating  airange- 
ment  fitted  to  their  metei's,  which  keeps  the  water-line  at 
a    fixed  level.     There  are  also  some  meters  fitted  with 


Fig.  48. 


compensating   di-ums,  which  return  a  ceiiain  amount  of 
gas  at  each  revolution. 

The  advantage  of  the  diy  meter  over  the  wet  one  for 
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ordinary  use  is  that  it  does  not  require  constant  attendance 
in  order  to  supply  water,  although  at  times  it  may  be 
necessary  to  empty  out  water  condensed  from  the  moisture 
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carried  by  the  gas.  Unfortunately,  however,  in  consequence 
of  the  variation  of  the  foldings  of  the  leather  portion  of 
the  bellows,  the  indications  of  a  dry  meter  are  not  so 
perfect  as  may  be  obtained  from  a  wet  meter,  the  w^ater- 
line  in  which  can  be  adjusted  with  perfect  accuracy,  and 
therefore  the  wet  meter  is  always  preferred  for  experimental 
measurements  of  the  volume  of  a  gas  used  in  testing  either 
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its  (juality  or  that  of  any  special  burner  employed  for  its 
consumption. 

Prepayment  Meters. — The  dry  form  of  meter  is  almost 
exclusively  used  for  the  prepayment,  or  penny-in-the-slot, 
meter.  This  new  feature  in  the  gas  industry,  although  it  is 
quite  in  its  infancy,  has  already  been  found  to  be  a  great 
boon  to  the  working  and  middle  classes.  It  has  the  great 
advantage  that  consumers  know  exactly  the  cost  of  their 
gas  lighting  and  cooking,  and  can  tell  day  by  day  what 
their  expenditure  is  in  this  direction.  Most  of  the  prepay- 
ments attachments  are  connected  with  a  worm  and  wheel 
(see  Fig.  34  at  spur  wheel  G)  to  the  ordinary  meter,  and 
with  each  revolution  of  the  meter  this  is  transferred  to  a 
reciprocating  motion,  which  is  driven  in  one  direction  by 
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the  meter's  working,  whilst,  by  the  insertion  of  a  coin  into 
a  moving  money  pocket,  the  reciprocating  motion  is  driven 
back  in  the  opposite  direction.  Attached  to  the  moving 
part  of  this  reciprocating  motion  is  an  arm  or  lever  working 
a  valve.  When  the  mechanism  is  actuated  by  a  coin  it 
opens  a  valve  and  indicates  on  a  small  dial  tlie  amount  of 
gas  paid  for.  A  limited  number  o£  coirw  may  be  inserted 
into  the  meter  before  it  is  full.  As  the  ga«  is  used  tho 
mechanism  draws  hack  the  lever  controlling  the  valve  until 


the  full  quantity  of  gas  has  been  consumed.  Another 
important  part  of  this  mechanism  la  that  it  can  be  set  to 
give  a  certain  number  of  cubic  feet  of  gas  for  each  coin 
inserted.  This  is  done  by  two  methods.  First,  by  a 
movable  price-changer,  which  can  be  moved  very  easily  to 
the  required  number  of  feet  to  suit  tho  price  of  gas  sold  in 
the  district.     Second,  by  a  system  of  change  wheels. 

Messrs.  T.  Glover  and  C'o.'a  improved  prepayment  meter. 
The  price-changing  device  of  thb  firm  is  claimed  to  be  a 
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gem  of  mechanical  ingemiit}'.  It  consists  of  a  brass  plate 
Iiaving  holes  around  its  edge,  numbered  by  regular  intervals 
and  indicating  the  number  of  feet  to  be  delivered  for  the 
coin.  This  plate  is  suspended  from  a  hook  through  the 
proper  hole,  and  is  fastened  to  the  meter  by  a  cross-bar, 
locking  screw,  and  seal.  Access  to  this  screw  can  only  be 
obtained  by  breaking  the  seal.  The  removal  of  the  screw 
permits  the  plate  to  be  hung  by  any  desired  hole,  when  the 
quantity  of  gas  to  be  delivered  for  the  coin  is  at  onc« 
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varied.  There  arc  no  gears  to  be  changed.  No  tools  are 
necessary  but  an  ordinary  screw-driver.  The  price  of  gas 
at  which  the  meter  is  set  can  be  determined  at  a  glance  at 
any  time  (Figs.  51  to  54). 

Uessrs.  W.  Parkinson  and  Co.'s  ordinary  wet  meters  in 
cast  iron  cases  (Fig.  55)  work  with  very  little  friction,  and 
are  constructed  to  stand  very  high  pressures.  They  cannot 
possibly  be  shut  off  by  sudden  increase  of  pressure,  the  float 
being  affected  by  outlet  gas  only.    They  allow  for  loss  of 
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water   by   evaporation,  without    materially   affecting    the 
registration  or  shutting  off  the  ga^ 

The  sam'j  fii-m  supplies  compensating  metem  in  tinned 
or  cast  iron  cases  (Fig.  56).  This  form  of  slow-spoon  com- 
pensator has  been  in  extensive  use  for  many  years ;  it 
maintaias   an  unvarying  water-line  without    appreciable 


friction,  and  provides  a  large  reserve  of  water.  The  float 
arrangement  allows  sudden  or  excessive  pressure  on  the 
inlet  without  affecting  the  working  of  the  meter  or  ex- 
tinguishing the  lights. 

The  following  iastructions  are  given  by  Messrs.  W. 
Parkinson  and  Co.  for  using  their  prepayment  meters  : — 

Dh'ecfions. — Turn   the  wheel  at  the  side  of  the  meter 
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(Figa.  57  anil  58)  right  back  and  put  the  coin  in;  then 
turn  the  wheel  forward  until  the  coin  drops  in  the  hox. 
below, 

Fw  altering  the  jmce  at  which  the  gas  is  sold. — Break  the 
seal  at  the  front  of  the  side  box,  remove  the  screw,  and  turn 
the  numbered  bra-ss  scale  until  the  required  number  appears ; 


Fir   S8. 

then  secure  the  scale  by  inserting  the  screw  again,  and  seal 
if  desired.  The  numbers  on  scale  indicate  the  quantity  ol 
gas  in  cubic  feet  given  for  each  coin. 

Should  the  meter  be  tampered  with,  or  any  foreign 
substance  be  forced  into  the  slot,  the  ,  inspector  can 
readily  see  what  is  wrong  by  taking  out  the  screw  above 
referred  to,  and  removing  the  side  of  the  hox,  which  is 
fitted  with  a  simple  bayonet  joint. 
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The  Sutherland  Patent  Aviomatie  AUachment  (see 
Figs.  59  and  60)  is  claimed  to  be  one  of  the  most  simple 
that  has  yet  been  placed  on  the  market.  All  the  parts  are 
interchangeable,  and  may  be  instantly  replaced.  All  screws 
are  of  Whitworth  standard  sizes,  and  special  attention  is 
called  to  the  auto-valve,  which  is  not  affected  by  condensa- 
tion or  grit.     With  the  aid  of  a  screw-driver  the  inspector 
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can  instantly  adjust  the  number  of  feet  of  gha  to  be 
supplied.  The  price -changing  mechanism  can  only  be 
adjusted  by  the  inspector.  These  meters  can  be  made  for 
shillings  or  any  other  coin. 

Messrs.  W.  B.  Cmvan  and  Co.'s  Prepayment  Oas  Meters 
{Figs.  6 1  and  62). — The  convenience  and  advantages 
inherent  in  the  pointer  and  scale  principle  of  price  adjustment 
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Iiave  been  rendered  certain  of  attainment  by  providingafleriea 
of  numbered  holes,  into  any  one  of  which  the  screw  which 
secures  the  pointer  may  be  fixed.  Thus  any  possible  un- 
certainty in  regard  to  the  setting  of  the  pointer  is  prevented. 
The  coin  itself  operates  the  prepayment  wheel  when  gas 
is  being  purchased;  and  the  coin  is  not  discharged  into  the 
money-box  til!  its  full  value  in  gas  has  been  placed  at  the 
coasumcr's  disposal.    The  discharge  of  the  coin  is  eflectcd 


by  the  pointer  itselT,  which  carries  a  cam  that  acts  on  the 
coin  and  ejects  it  when  gas  equal  in  quantity  to  that  which 
the  pointer  indicates  has  been  made  available — but  not 
before. 

Tt  is  claimed  that  meters  constructed  on  the  change-wheel 
system  possess  important  advantages  over  other  coin  meters 
of  the  same  type ;  the  mechanism  being  simpler  and  less  liable 
to  derangement  than  that  of  any  similar  meter  in  the  market. 
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When  the  mechaniam  has  to  be  Readjusted  to  suit  changes 
in  the  price  of  gas,  this  is  effected  by  removing  two  wheels, 
and  replacing  them  by  others  having  the  number  of  teeth 
required  to  give  the  exact  ijuantity  of  gas  desired.  This 
interchange  is  readily  performed,  the  mechanism  biing  so 
arranged  that  the  removal  of  a  single  pin  or  screw  enables 
the  wheels  to  be  withdrawn  and  replaced,  without  serious 


trouble  or  los3  of  time.  In  a  meter  of  this  type  this  is  a 
matter  of  great  importance,  especially  where  large  numbers 
of  prepayment  metera  have  to  be  re-adjusted  to  suit  altera- 
tions in  the  price  of  gas. 

Simmance's  Patent  Double-coin  Meter  (Fig.  63). — The 
mechanism  of  this  enables  coins  of  two  or  more  differentvalues 
to  be  used  in  the  one  meter.  The  usual  coins  are  a  shilling 
or  a  penny,  and  any  number  up  to  24  can  he  inserted  in 
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any  oiiier,  and  gas  given  in  exact  proportion.  A  separate 
slot  is  an-anged  for  each  kind  of  coin  which  must  be  of 
different  dimensions,  and  a  small  coin  placed  in  a  larger 
slot  will  be  automatically  rejected.  In  the  case  of  a  shilling 
and  a  penny,  if  a  shilling  is  inserted,  and  gas  commence:^ 
to  pass,  and  then  a  penny  be  inserted,  the  presence  of 
the  penny  throws  the  shilling  action  out  of  gear  until  a 


separate  pennyworth  has  been  delivered,  after  which  the 
wnworked-otf  balance  of  the  shilling  will  be  yielded. 

The  accuracy  of  all  gas  meters  supplied  to  the  public  is 
guaranteed  by  the  system  of  testing  prescribed  by  the  Sales 
of  Gas  Act,  1859.  Under  this  Act,  Justices  of  the  Peace, 
County  Councils,  and  Town  Councils  may  appoint 
Inspectors  and  provide  them  with  the  neceasary  apparatus 
for  the  testing  of  gas  meters,  which,  having  been  found 

K  2 
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correct,  are  stamptid  with  a.  stamp  issued  by  the  Standards 
Department  of  the  Board  of  Trade,  and  any  person  using  a 
meter  not  no  stamped  is  liable  to  a  line  of  £o.  It  is 
specially  provided  in  the  Act  that  no  maker,  repairer,  or 
seller  of  metera,  or  of  gas,  or  person  so  employed,  shall  be 


an  Inspector  of  Metcri  under  the  Act.  The  following 
points  are  specifically  referred  to  in  the  Act: — ^"Clause 
XII. — No  meter  shall  be  stamped  which  shall  be  found  by 
the  Inspector  to  register,  or  be  capable  of  being  made  by 
any  contrivBncc  for  that  purpose,  or   by   increase   or   by 
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decrease  of  the  water  in  such  meter,  or  by  any  other  means 
practically  prevented  in  good  meters,  to  register  quantities 
varying  from  the  true  standard  measure  of  gas  more  than 
two  pel"  centum  in  favour  of  the  seller,  or  three  per  centum 
in  favour  of  the  consumer;  and  every  meter,  whether 
stamped  or  unstamped,  which  shall  be  found  by  such 
Inspector  to  register  or  be  so  capable  of  being  made  to 
register  quantities  varying  beyond  the  above  limits  afore- 
said, shall  be  deemed  incorrect  within  the  meaning  of  this 
Act.  Provided  always  that  every  meter  having  a  measuring 
capacity  at  one  revolution  or  complete  action  of  the  meter 
of  not  less  than  5  cubic  feet,  and  having  permanently 
marked  upon  it  in  some  conspicuous  place  the  words 
*  without  float,'  shall  be  stamped  by  the  Inspectors  if  found 
correct." 

This  last  provision  applies  to  large  station  meters  used 
for  special  purposes  only. 

"  Clause  XIII. — ^The  following  rules  shall  be  observed  by 
the  Inspector  in  testing  meters  under  the  provisions  of  this 
Act: — 

"  Firstly,  the  meters  shall  be  tested  for  soundness  or  leak* 
age  only,  and  not  for  percentage  of  eiTor,  when  fixed  on  a 
horizontal  base,  and  with  gas  under  a  pressure  equal  to  a 
column  of  water  three  inches  high,  with  a  light  or  lights 
consuming  not  more  that  one-twentieth  part  of  its  measur- 
ing capacity  per  hour  marked  thereon,  nor  less  than  one- 
half  of  a  cubic  foot  per  hour,  for  all  meters  of  a  measuring 
capacity  not  exceeding  one  hundred  cubic  feet  per  hour, 
and  not  more  than  one-fortieth  part  of  its  said  measuring 
capacity  per  hour  for  all  meters  of  any  greater  measuring 
capacity  per  hour  than  one  hundred  cubic  feet ;  and  all 
meters  found  to  work  under  such  test  shall  be  deemed 
sound  meters,  and  any  meter  found  not  to  work  under  such 
test  shall  not  be  stamped." 

"  The  meter  to  be  tested  for  percentage  of  error  shall  be 
fixed  on  a  horizontal  base,  and  shall  be  tested  at  a  pressure 
equal  to  a  column  of  water  five-tenths  of  an  inch  high,  and 
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passing  the  quantity  of  gas  or  atmospheric  air  per  hour, 
which  shall  be  marked  thereon  as  its  measuring  capacity 
per  hour,  and  the  water  used  in  such  testing,  and  the  air  in 
the  room  in  which  such  testing  shall  be  made,  shall  be  as 
nearly  as  practicable  of  the  same  temperature  of  the  gas  or 
air  passed  through  the  meter." 

"Clause  XIV. — If  any  person  or  persons  shall  make, 
except  under  the  authority  of  this  Act,  or  forge,  or  counter- 
feit, or  cause  or  procure  to  be  made,  except  as  aforesaid,  or 
forged  or  counterfeited,  or  knowingly  act  or  assist  in  the 
making,  except  as  aforesaid,  or  forging,  or  counterfeiting,  any 
stamp  or  mark  which  may  be  hereafter  used  for  the  stamping 
or  marking  of  any  meter  under  this  Act,  every  person  so 
offending  shall  for  every  such  offence  forfeit  on  conviction 
a  sum  not  exceeding  fifty  pounds  or  less  than  ten  pounds  ; 
and  if  any  person  shall  knowingly  sell,  utter,  or  dispose  of, 
let,  lend,  or  expose  to  sale,  any  meter  with  such  forged 
stamp  thereon,  every  person  so  offending  shall  for  every 
such  offence  forfeit  on  conviction  a  sum  not  exceeding  ten 
pounds  or  less  than  forty  shillings,  and  all  such  metera  with 
such  forged  and  counterfeited  stamps  shall  be  forfeited  and 
destroyed." 

Clause  XV.  enacts  a  penalty  of  five  pounds  against  any 
person  who  shall  alter  or  tamper  with  any  stamped  meter 
so  as  to  cause  it  to  register  unjustly  or  fraudulently,  &c. 

Clause  XIX. — "The  fees  for  examination,  comparison, 
and  testing,  with  or  without  stamping,  meters,  shall  be  six- 
pence for  each  meter  delivering  a  cubic  foot  of  gas  in  four 
or  more  revolutions  or  complete  repetitions  of  the  action  of 
the  meter,  and  one  shilling  for  each  meter  delivering  a  cubic 
foot  of  gas  by  any  less  number  of  revolutions  or  complete 
actions,  or  one  revolution  or  complete  action ;  and  for  each 
meter  delivering  more  than  one  cubic  foot  of  gas  by  one 
revolution  or  complete  action,  the  further  sum  of  one 
shilling  for  every  cubic  foot  of  gas  delivered  at  one  revolu- 
tion or  complete  action  beyond  the  first  cubic  foot." 

Clause  XX. — "  In  England  and   in  such  boroughs  and 
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towns  as  aforesaid  in  Ireland,  it  shall  be  lawful  for  any 
Inspector,  authorised  in  writing  under  the  hand  of  any 
Justice  of  the  Peace  in  England  and  Ireland,  or  of  any 
Sheriff,  Justice,  or  Magistrate  in  Scotland,  at  the  request 
and  expense  of  any  buyer  or  seller  of  gas,  who  shall  have 
given  twenty-four  hours'  notice  in  writing  to  the  other 
party  to  the  contract,  at  all  reasonable  times  to  enter  any 
house  or  shop,  store,  "warehouse,  shed,  yard,  or  place 
whatsoever  within  his  jurisdiction,  where  any  meter, 
whether  stamped  or  unstamped,  shall  be  fixed  or  used,  and 
to  examine  and  test  the  same,  and,  if  necessary  for  such 
purpose,  to  remove  such  meter,  doing  as  little  damage 
thereby  as  may  be;  and  if  upon  such  examination  and 
testing  it  shall  appear  that  any  such  meter  is  incorrect 
within  the  meaning  of  this  Act,  or  fraudulent,  the  same 
shall  not  be  refixed  or  used  again  unless  and  until  altered 
and  repaired  so  as  to  measure  and  register  correctly,  and 
stamped ;  and  the  fees  on  such  removal,  examination,  and 
testing  of  a  meter,  whether  stamped  and  replaced  or  not, 
shall  be  double  the  fees  hereinbefore  made  payable  for 
testing  and  stamping,  and  shall  be  payable  by  the  buyer  or 
seller  of  gas  as  the  Justice  of  the  Peace  in  England  and 
Ireland,  or  the  Sheriff,  Justice,  or  Magistrate  in  Scotland, 
as  the  case  may  be,  shall  determine,  and  shall  be  recoverable 
accordingly ;  provided  always,  that  in  case  the  head  office 
of  the  peraon  or  company  to  whom  such  notice  is  to  be 
given  shall  be  more  than  twenty  miles  distant  from  the 
meter  referred  to  in  such  notice,  three  days*  notice  in 
writing  shall  be  given  instead  of  twenty-four  hours'  notice 
as  aforesaid ;  and  provided  also,  that  any  person  duly 
authorised  by  any  company  or  person  selling  gas  by  meter 
Hjay  supply  water  to  any  meter,  so  as  to  keep  the  water  at 
the  coiTect  level." 

Clause  XXT.  provides  for  disputes  between  the  parties 
as  to  the  correctness  of  a  test. 

The  remaining  clauses  of  this  valuable  Act  are  merely 
administrative,  and  need  not  here  be  further  referred  to» 
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From  the  foregoiDg  it  will  be  seen  how  carefully  the 
interests  of  the  consumers  are  guarded.  If  those  who 
so  loudly  complain  of  the  inaccuracy  of  their  gas  meters 
would  only  take  the  trouble  to  ascertain  the  facts  of 
the  case,  they  would  soon  be  more  than  satisfied  of  the 
manner  in  which  every  exertion  is  made  to  ensure  rigid 
accuracy  in  the  measurement  of  the  gas  they  use.  In 
London  alone  about  a  quai*ter  of  a  million  meters  are 
tested  annually  at  the  gas  meter  testing  stations  formerly 
instituted  by  the  Metropolitan  Board  of  Works,  and  now 
under  the  control  of  the  London  County  Council,  where  a 
large  staff  of  highly-trained  and  thoroughly  independent 
Chief  Inspectors,  Inspectors,  and  assistants,  are  daily 
employed  in  this  duty  alone. 

There  is  one  point,  however,  about  the  ordinary  con- 
sumer's gas  meter  which,  in  very  few  exceptional  instances, 
renders  the  indications  unreliable,  and  that  is  that  by 
some  oversight  in  fitting  the  train  of  wheels,  actuating 
the  dial  hands,  a  wrong  one  may  be  used,  that  is  to  say,  one 
of  a  set  belonging  to  a  meter  of  different  size  may  be  acci- 
dentally placed  in  position.  This  will  cause  an  error  so 
large  that  sooner  or  later  it  is  sure  to  be  detected.  Unfor- 
tunately, the  law  does  not  provide  for  the  independent 
testing  of  the  indices,  and  as  the  usual  test  of  a  meter 
relates  only  to  the  correctness  of  the  capacity  of  the 
measuring  drum  in  a  wet,  or  bellows  in  a  dry  meter,  as  the 
case  may  be,  and  the  quantity  of  gas  passed  through 
the  meter  being  only  some  .5 ft.  or  10ft.,  there  is  no  check 
upon  the  indications  of  the  dials  registering  hundreds  and 
thousands  of  feet. 

This  question  has  been  again  and  again  brought  foi*ward, 
and  recommendations  made  for  an  alteration  of  the  law  in 
this  respect  so  as  to  provide  for  the  necessary  testing,  but 
without  result.  So  far  back  as  February,  1884,  the  writer 
reported  fully  on  this  matter  to  the  Special  Purposes  and 
Sanitary  Committee  of  the  late  Metropolitan  Board  of 
Works,  who  urged    the    necessity  for   the  amendment  of 
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the  Act  upon  the  Government  authorities,  but  in  the  press 
of  parliamentary  work  no  time  could  be  found  for  action, 
although  its  desirability  was  admitted. 

The  Inspectors  and  their  assistants  do  detect  a  number 
of  such  cases  in  the  course  of  their  ordinary  work,  as  they 
are  fully  alive  to  the  matter  ;  but  the  question  will  not  be 
properly  settled  until  the  indices  are  separately  tested  and 
stamped. 

The  following  observations  of  the  Inspectors  on  some  of 
the  cases  detected  by  them  will  serve  to  indicate  the 
nature  of  the  fault*  : — 

"Wrong  wheel  on  dial  indicating  tens  of  thousands  of 
feet,  whereby  that  hand  loses  65,000  in  every  million. 
The  index  is  further  defective,  whereby  the  100,000  hand 
occasionally  indicates  200,000." 

"  Defect  in  frame  of  index,  the  hand  indicating  hundreds 
would  not  register,  the  next  dial  indicating  5000ft.  for  each 
100ft.  passed  through  the  meter." 

"  Error  in  consequence  of  hands  coming  in  contact." 

"  The  wheel  on  spindle  of  thousands  did  not  gear  in 
piston  of  hundreds ;  thousands  hand  did  not  register." 

*•  Wrong  index." 

"  Wrong  driving  wheel." 

"Index  works  backwards;  when  1000ft.  passed,  shows 
registration  of  9000." 

"  Index  did  not  register." 

"  Index  registers  double." 

"  Registers  20ft.  for  10ft." 

"  Wrong  drum." 

"  Third  dial  52  teeth  instead  of  CO.  Index  showed 
33  per  cent,  against  consumer." 

As  stated  above,  these  are  entirely  exceptional;  but, 
nevertheless,  they  should  be  guarded  against,  and  not  left 
to  chance  discoveiy. 


*  Report  of  the  Ghcmibt  of    the    Metropolitan  Board  of  Works  on 
**  Defective  Indices  in  Gas  Meters,**  February  26th,  1684. 
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CHAPTER    XI. 

GAS   BURNERS. 

The  gradual  development  of  the  gas  burner  forms  a  most 
interesting  study.  At  first  the  simple  jet  was  employed, 
and  then  this  was  modified  in  various  ways.  It  was  not 
long  before  the  advantage  of  arranging  the  jets  in  a  circle, 
so  as  to  produce  a  flame  on  Argand's  principle,  was  adopted. 
The  flat  flame  was  finst  obtained  by  utilising  the  eficct  of 
two  jets  of  flame  impinging  upon  one  another,  with  tlie 
result  that  the  mutual  resistance  of  the  two  currents  of  gas 
caused  a  lateral  expansion.  This  arrangement  is  known  as 
the  "  Fishtail  "  burner,  because  of  the  shape  of  the  flame. 
For  the  same  reason  the  "  Batswing"  was  so  named.  This 
flame  is  obtained  by  causing  the  gas  to  leave  the  burner  by 
an  opening  in  the  form  of  a  slit.  When  the  pressure  of  the 
gas  is  high  the  flame  expands  laterally  to  a  considerable 
extent,  hence  the  name  "  Batswing." 

These  original  simple  forms  of  burners  were  the  fore- 
runners of  all  the  present  developments  of  ordinary  gas 
burners.  The  introduction  of  the  principle  of  "  regenera- 
tion "  by  Siemens,  however,  caused  a  complete  revolution, 
and  results  were  obtained  which  previously  had  been 
looked  upon  as  beyond  reach.  Under  the  ordinary  con- 
ditions anything  from  two  to  three  candles  of  light  yielded 
per  cubic  foot  of  gas  consumed  was  considered  good,  but 
Siemens  at  once  raised  this  "  duty,"  as  it  is  called,  to  four 
and  flve  candles  per  foot.  The  original  burners  of  Siemens 
were  constructed  on  the  principle  of  the  Argand,  but 
the  flame  turned  down  inwards  over  the  edge  of  a 
short  earthenware   chimney    placed  in  the  centre  of  the 
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flame,  by  which  arrangement  the  heated  products  of 
combustion  were  caused  to  warm  both  the  gas  and  air 
supplied  to  the  burner,  with  the  result  that  the  light  thereby 
obtained  was  considerably  enhanced. 

Mr.  Grimston  then  conceived  the  idea  of  turning  the 
burner  upside  down,  so  that  the  bottom  portion  should  not 
cast  a  shadow,  and  this  he  carried  out  veiy  effectually.  Mr. 
F.  W.  Clark  produced  a  smaller  type  of  lamp  on  the  same 
principle,  but  particularly  adapted  for  use  in  railway 
carriages.  Then  followed  the  well-known  Wenham  lamp, 
and  others  of  more  or  less  value,  until  Mr.  Sugg  finally  pro- 
duced a  burner  on  this  principle  which  gave  a  duty  of  11 
candles  per  foot. 

These  great  improvements,  worked  out  by  indefatigable 
inventors  after  years  of  patient  labour,  were  nevertheless 
thrown  completely  into  the  shade  by  the  almost  over- 
powering light  yielded  by  means  of  the  inventions  of  Herr 
von  Welsbach,  whose  incandescent  "  mantle,"  when  in  its 
best  condition,  readily  yields  no  less  than  a  "  duty  "  of  20 
candles  per  foot,  without  the  use  of  forced  air  or  gas. 
By  means  of  such  contrivances  even  better  results  are 
obtained,  and  it  yet  remains  to  be  seen  where  finality  will 
be  reached. 

As  many  people  yet  prefer  to  employ  the  older  patterns 
of  gas  burners,  it  will  be  advisable  to  consider 
these  and  the  results  they  give  somewhat  more  in 
detail. 

A  most  complete  investigation  of  the  light-giving  values 
of  various  forms  of  gas  burners  then  available  to  the  public 
was  undertaken  by  the  author  in  conjunction  with  the 
late  Professor  William  Foster,  at  the  request  of  the  Com- 
mittee of  the  Gas  Section  of  the  Crystal  Palace  Electric 
Exhibition  in  1882-3.  This  work  has  been  supplemented 
from  time  to  time  by  the  author,  and  the  results  embodied 
in  the  present  chapter. 

Single  Flat-flame  Burners  without  Governors.  —  The 
results  of  numerous  tests  show  conclusively  the  great  loss 
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of  illuminating  power  occasioned  by  the  use  of  union  jet 
and  iron  jet  burners,  the  highest  duty  afforded  by  the  union 
jet  when  burning  16-candle  gas  being  2*7  candles  per  cubic 
foot  of  gas  consumed,  and  only  21  by  the  iron  jet.  In  this 
series  the  superiority  of  tlie  various  types  of  steatite  slit 
burners  is  very  marked,  the  duty  rising  to  a  maximum  of 
3*2  candles  per  foot  of  gas.  When  the  consumption  of  gas 
varied  from  10  to  3*0  cubic  feet  per  hour,  the  duty  varied 
with  different  burners  from  0*9  to  2*2 ;  with  consumptions 
from  3*1  to  40  cubic  feet  per  hour,  the  duty  was  from  I'O 
to  I'G ;  with  consumptions  from  4'1  to  50  cubic  feet  per 
hour,  the  duty  was  from  1*2  to  2*1;  with  consumptions  from 
o'l  to  6'0  cubic  feet  per  hour,  the  duty  was  from  1*8  to  2*8 ; 
with  from  5*1  to  6*0  cubic  feet  per  hour,  the  duty  was  from 
I'd  to  2*8  ;  with  6*1  to  70  cubic  feet  per  hour,  it  was  from 
2*4  to  30  ;  and  over  7*1  cubic  feet  per  hour,  the  duty  varied 
from  20  to  3*2. 

It  will  thus  be  seen  that,  apart  from  the  paiti- 
cular  burner  employed,  there  was  an  increase  in  the 
(juantity  of  light  yielded  per  cubic  foot  of  gas  consumed  up 
to  a  maximum  of  32  candles  of  light  per  cubic  foot  of  gas, 
and  it  would  seem  that  this  is  the  limit  which  can  be 
reached  by  ordinary  single  flat-flame  bumera.  If  the 
quantity  of  gas  forced  through  the  burner  exceeds  the 
limit  for  which  the  burner  is  constructed,  either  a  loose 
smoky  flame,  or  one  overbumt,  after  the  manner  of  a 
blow-pipe  flame,  results.  In  either  case  the  quantity  of 
light  per  unit  volume  of  gas  is  at  once  reduced,  and  loss 
results. 

In  1871  the  Metropolitan  Gas  Referees  reported  fully 
upon  the  question  of  the  construction  of  gas  bumei's  with 
reference  to  the  principles  of  gas  illumination.  The 
information  embodied  therein  is  so  valuable  and  interest- 
ing that  the  following  extracts  are  reprinted,  as  forming 
one  of  the  most  important  links  in  the  chain  of  knowledge 
of  the  practical  application  of  illuminating  gas  for  light- 
ing purposes. 
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EXTRACTS  FROM  the  FIRST  REPORT  to  the  BOARD  OF 
TRADE  BY  THE  GAS  REFEREES  on  the  CONSTRUCTION 
OF  GAS  BURNERS  with  eefbrencb  to  the  PRINCIPLES 
OF  GAS  ILLUMINATION. 

To  the  Lords  of  the  Committee  of  Privy  Council  for  Trade. 

Gas  Referees'  Department,  28,  New  Street, 

Spring  Gardens,  June  22nd,  1871. 

The  Gas  Referees  have  the  honour  to  submit  to  the  Board  of 
Trade  the  following  Report,  which  contains  the  result  of  their 
investigations  of  the  principles  which  regulate  the  development  of 
light  from  gas,  and  the  application  of  those  principles  to  the  construc- 
tion and  use  of  burners,  in  the  manner  most  advantageous  and 
economical  for  the  public. 

Every  improvement  in  the  construction  of  gas  burners  is  equivalent, 
in  its  economical  effects,  to  the  discovery  of  a  method  of  cheapening 
the  manufacture  and  supply  of  gas ;  for  it  enables  the  public  to  obtain 
more  light  from  the  gas  which  they  consume  and  pay  for.  By  using 
good  burners,  instead  of  bad  ones,  consumers  may  obtain  from  80  to 
50  per  cent,  more  light,  while  their  gas  bill  remains  the  same. 

The  improvement  of  burners  is  also  important  as  a  measure  of 
sanitary  reform ;  for  as  by  this  means  the  required  amount  of  light 
is  obtainable  from  a  smaller  quantity  of  gas,  the  atmosphere  of  rooms 
and  workshops  is  less  vitiated.  Not  only  is  an  unnecessary  amount 
of  heat  avoided,  but,  in  consequence  of  less  gas  being  burnt,  the 
pernicious  products  of  combustion  discharged  into  the  air  (viz., 
carbonic  acid  gas,  the  sulphur  impurities,  &c.)  are  equally  diminished ; 
so  that  the  condition  of  the  occupants  of  private  dwellings,  and  still 
more  of  the  workpeople  employed  in  factories  and  other  large  esta- 
blishments, is  rendered  more  comfortable  and  healthy  than  it  could 
otherwise  be.  In  fact,  the  improvement  of  burners  is  itself  an 
important  means  of  diminishing  the  pernicious  effect  of  the  impurities 
in  gas — the  gradual  reduction  of  which  impurities  to  a  minimum  is 
one  of  the  duties  devolved  upon  the  Gas  Referees. 

As  stated  in  their  Report,  dated  8rd  May,  1869,  the  Referees,  in  the 
course  of  their  investigations  relative  to  the  choice  of  a  standard 
burner,  made  and  tested  a  large  collection  of  burners  of  all  kinds, 
obtained  from  the  leading  gas-fitting  establishments  and  other 
quGtrters ;  and  in  consequence  of  the  great  numerical  preponderance 
of  bad  burners  in  the  collection,  they  were  led  to  inspect  the  gas- 
lighting  arrangements  in  several  large  establishments  in  the  City — 
especially  those  in  which,  owing  to  the  prevalence  of  night- work,  an 
unusually  large  quantity  of  gas  is  consumed.  The  inspection  fully 
confirmed  the  apprehensions  which  the  Referees  had  formed  from 
their  eicamlnation  of  the  burners  procured  from  the  gas-fitting  esta- 
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blishments.  For  example,  in  the  offices  of  two  of  the  daily  news- 
papers (establishments  which  consume  more  gas  than  any  others),  it 
was  found  that  the  burners  chiefly  in  use  were  so  defective  that  they 
gave  out  only  one-half  of  the  illuminating  power  of  the  gas  actually 
consumed.  And  several  of  the  burners  tested  by  the  Referees  gave 
only  one-fourth  of  the  proper  light  of  the  gas  I  These  facts,  and 
many  others  which  came  to  their  knowledge,  proved  to  the  Beferees 
that  **an  enormous  waste  of  gas  prevails,  with  a  corresponding 
pecuniary  loss  to  the  public;'*  and  they  considered  it  a  matter  of 
urgent  importance  that  such  facts  should  be  made  generally  known. 

The  economy  to  the  public,  arising  from  the  use  of  good  gas 
burners  instead  of  bad  ones,  is  so  obvious  as  hardly  to  need  remark. 
The  gas  rental  of  London  amounts  annually  to  more  than  two  millions 
sterling.  Taking  a  very  moderate  estimate,  upwards  of  one-fourth 
of  this  sum  (j£500,000  per  annum)  might  be  saved  by  the  use  of  good 
burners.  This  is  the  saving  which  might  be  made  in  London  alone ; 
how  much  vaster  the  sum  thus  economised  if  good  gas  burners  were 
to  come  into  general  use  throughout  England  I  In  truth,  the  economy 
arising  to  the  public  from  the  use  of  improved  burners  is  as  large  as 
can  be  produced  for  many  years  to  come  from  any  improvements  in 
the  manufacture  of  gas,  or  from  the  amalgamation  of  companies  by 
which  the  cost  of  supply  will  be  so  materially  reduced.  The  question 
of  burners,  indeed,  although  hitherto  so  little  considered  or  investigated, 
meets  one  at  every  turn  in  matters  connected  with  gas-light — whether 
these  be  regarded  as  problems  of  science,  or  in  the  more  widely  useful 
and  practical  form  as  a  means  of  economy  for  the  gas-consuming 
public. 

On  tJie  Illuminating  Power  of  Oas, — As  a  scientific  question,  the 
illuminating  power  of  gas  has  given  rise  to  much  discussion;  and 
there  are  several  points  of  this  kind,  which,  owing  to  their  practical 
bearing,  must  be  determined  at  the  outset,  in  any  satisfactory  exposi- 
tion of  the  most  efficient  and  economical  means  and  apparatus  for 
obtaining  a  maximum  of  light  from  gas.  The  first  of  these  questions 
is.  Is  the  illuminating  power  affected  by  the  quantity  in  which  gas  is 
burnt  ? — in  other  words,  Is  it^more  economical  to  use  small  burners 
or  large  ones  ? 

The  doctrine  that  the  light-giving  power  of  gas  undergoes  variations 
according  to  the  quantity  in  which  the  gas  is  burnt  was  first  pro- 
pounded, as  the  result  of  experiments,  by  Drs.  Christison  and  Turner, 
of  Edinburgh,  in  1825,  and  subsequently  by  the  late  eminent  gas 
engineer,  Mr.  King,  of  Liverpool,  by  MM.  Audoin  and  B^rard,  of 
Paris,  and  others,  all  of  whom  maintain  that  gas  gives  a  larger 
proportion  of  light  when  it  is  burnt  in  large  quantities  than  in  small. 
The  most  recent  experimentalist  upon  this  question  is  Mr.  Farmer, 
of  America,  photometric  observer  to  the  Manhattan  Gas  Company, 
who  holds  that  the  illuminating  power  of  gas  increases  in  a  geometrical 
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ratio  as  the  square  of  the  quantity  of  gas  oonsumed.  According  to 
this  doctrine  (now  known  as  the  *'  Farmer  Theorem  **)'•'-  if  2ft.  of  gas 
give  a  light  equal  to  4,  8ft.  of  the  same  gas  will  give  a  light  equal  to 
(not  6,  but)  9— 4ft.  to  16— 5ft.  to  25~and  6ft.  will  give  a  light  equal 
to  (not  12,  but)  86.  Although  this  theorem  appears  to  have  been 
accepted  in  America,  it  has  found  no  supporters  in  this  country. 
Nevertheless,  the  doctrine  that  the  illuminating  power  of  gas  does 
vary  (although  in  what  ratio  is  not  agreed)  according  to  the  quantity 
of  gas  consumed  appears  to  have  taken  finn  ground  on  the  Continent, 
as  well  as  in  this  country,  and  in  America.  As  a  practical  question, 
it  is  important  to  determine  whether  the  doctrine  is  correct. 

In  a  case  like  this,  the  first  and  most  natural  suggestion  is,  to 
inquire  whether  the  observed  variations  in  the  illuminating  power 
are  not  due,  wholly  or  in  part,  to  the  mechanical  apparatus  employed 
for  developing  it.  If  two  tons  of  identically  the  same  coal  do  not, 
when  burnt  separately,  give  out  the  same  amount  of  heat,  is  not 
the  explanation  to  be  sought  in  some  difference  in  the  mode  of 
combustion?  If  two  gsillons  of  the  same  water,  when  weighed 
separately,  do  not  show  the  same  weight,  must  there  not  be  some 
difference  in  the  balances,  or  in  the  details  of  weighing  ?  In  like 
manner,  if  4ft.  of  gas  do  not  give  exactly  two-thirds  the  amount  of 
light  which  6ft.  of  the  same  gas  gives,  is  not  the  difference  first 
to  be  looked  for  in  the  nature  of  the  burners  employed  in  the 
experiments?  Not  to  take  into  careful  account  the  infiuenoe  of 
the  burners,  when  testing  the  illuminating  power  of  gas,  is  as 
great  an  oversight  as  if,  in  weighing,  one  were  to  make  no  examina- 
tion of  the  balances ;  or  as  if  an  engineer  were  to  take  no  account  of 
the  boilers  he  employed,  and  then,  finding  that  a  ton  of  coal  in  some 
circumstances  raised  a  greater  proportion  of  steam  than  when  half-a- 
ton  was  used,  were  to  jump  to  the  conclusion  that  the  heat-giving 
power  of  coal  became  greater,  relatively  to  the  quantity  consumed, 
when  a  ton  was  used  than  when  half  that  quantity  was  employed. 

What  a  boiler  is  to  coal  and  the  generation  of  steam,  so  is  a  burner 
to  gas  and  the  development  of  light.  One  ton  of  coal  in  a  locomotive 
of  the  present  day  generates  as  much  force  as  six  tons  did  forty  years 
ago,  simply  owing  to  the  superior  construction  of  the  locomotive.  In 
like  manner,  as  regards  the  illuminating  power  of  gas,  there  are  good 
burners  and  bad  ones.  Moreover,  as  every  scientifically-constructed 
boiler  is  devised  specially  for  a  given  amount  of  coaJ,  by  the  con- 
sumption of  which  the  boiler  develops  its  maximum  of  power  relative 
to  the  quantity  of  fuel  used,  so  every  well  constructed  burner  is 
devised  to  consume  a  fixed  quantity  of  gas.  Indeed,  for  every  burner, 
whether  good  or  bad,  there  is  a  certain  rate  of  consumption  at  which 
the  burner  does  more  justice  to  the  iUuminating  power  of  the  gas  than 

*  See  pa^e  140. 
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at  other  rates,  whether  greater  or  less.  To  disregard  these  considera- 
tions is  to  render  experiments  wholly  useless  and  misleading. 

First,  as  to  good  burners  and  bad  ones : — Take  two  burners,  each  of 
which  gives  its  maximum  of  light  (i.e.,  does  most  justice  to  the  gas) 
at  the  same  rate  of  consumption  ;  nevertheless  the  light  emitted  by 
one  of  the  burners  may  be  much  greater,  or  much  less,  than  that  of 
the  other.  Secondly,  as  to  the  misuse  of  burners  : — Take  a  burner 
which  does  most  justice  to  the  gas  when  the  rate  of  consumption  is 
5ft.  per  hour ;  then,  if  the  rate  of  consumption  be  either  increased  or 
diminished  from  that  point,  the  gas  will,  of  course,  give  out  less  light 
in  proportion  to  the  quantity  consumed  than  before. 

Both  of  these  facts,  simple  as  they  are,  seem  for  long  never  to  have 
been  even  suspected.  The  early  experimenters  relative  to  the  illumi- 
nating power  of  gas  wholly  overlooked  this  fundamental  point  in  the 
inquiry.  This  error  was  committed  by  Drs.  Christison  and  Turner, 
who  hence  came  to  the  conclusion  that  because  one  Argand  burning 
4ft.  an  hour  gave  more  light  than  two  precisely  similar  Argands  con- 
suming 2ft.  each,  that  therefore  gas  gave  more  light  when  burned  in 
the  former  quantity  than  in  the  latter.  Upon  Eimilar  grounds  these 
experimenters  might  have  maintained  that  because  a  ball  fired  out  of 
a  rifle  with  a  charge  of  8  drs.  of  gunpowder  went  further  and  had  more 
penetrating  force  than  two  smaller  balls  fired  out  of  two  similar  rifles, 
each  with  H  drs.  charge,  that  therefore  gunpowder  had  more  explo- 
sive force,  relative  to  its  weight,  when  fired  in  the  former  quantity 
than  in  the  latter.  An  Argand  burner  is  fitted  to  consume  a  special 
quantity  of  gas  of  a  given  quality,  just  as  much  as  a  rifle  is  specially 
adapted  for  a  special  ball  and  charge  of  powder.  And  the  same  is 
true  of  every  kind  of  gas  burner. 

The  proper  regulation  of  the  supply  of  air  to  the  flame  is  the  chief 
secret  of  developing  a  maximum  of  light  from  gas.  The  greater  the 
quantity,  or  the  richer  the  quality,  of  the  gas,  the  more  air  is  required, 
and  hence  the  better  will  the  flame  bear  contact  with  the  atmosphere ; 
for,  the  greater  is  the  quantity  of  matter  to  be  oxidised,  or  consumed 
by  combustion.  And  it  is  important  to  observe  that  the  greater  the 
velocity  with  which  gas  issues  from  a  burner,  the  greater  is  the  supply 
of  air  to  the  flame — the  more  air  is  the  flame  brought  in  contact  with. 
The  stream  of  burning  gas  from  the  burner,  rising  through  the  (we 
shall  say)  quiescent  atmosphere  of  the  room,  draws  in  the  air  upon 
itself— just  as  a  rapid  stream  passing  through  a  pool  or  lake  disturbs 
the  stillness  of  the  pool,  and  draws  in  upon  itself  in  eddies  the  sur- 
rounding water ;  and  the  more  rapid  the  upward  stream  of  gas,  the 
greater  the  quantity  of  air  thus  drawn  in  upon  the  flame. 

The  important  bearing  which  the  above  statements  have  upon  any 
question  connected  with  gas  illumination  is  manifest  at  a  glance. 
They  illustrate  the  chief  conditions  which  affect  the  illuminating 
power  of  gas ;  they  show  how  great  may  be  the  variations  of  that 
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illuminatiog  power  owing  to  the  different  kinds  of  burners  used,  and 
aJ&o  to  the  manner  in  which  the  gas  is  consumed  even  in  the  same 
burner.    The  subjoined  statistics  exemplify  both  of  these  points. 

The  experiments  here  given  were  made  at  intervals  during  the  last 
two  years ;  and  the  earlier  experiments  of  the  series  were  made  with- 
out any  reference  to  the  theory  or  doctrine  now  in  question,  but 
simply  in  order  to  ascertain  correctly  and  fairly  the  capacity  of  burners 
to  develop  the  illuminating  power  or  light-giving  property  of  gas. 
The  gas  with  which  the  experiments  were  made  was  common  gas 
having  an  average  illuminating  power  of  15  sperm  candles,  when  con- 
sumed at  the  rale  of  5ft.  per  hour  in  Sugg's  London  Argand  No.  1. 
This  Argand,  burning  at  the  above-mentioned  rate,  was  taken  as  the 
standard  in  the  experiments,  and  its  light  reckoned  as  100.  The 
other  burners— namely,  those  experimented  with— were  made  to  con- 
sume gas  at  various  rates,  from  1ft.  to  6ft.  pex  hour ;  and  the  mode 
of  computing  their  light  with  reference  to  the  standard  burner  was  the 
ordinary  and  simple  one  as  follows :  — Suppose  the  tested  burner  gave 
a  light  of  40  per  cent,  (compared  with  the  standard  burner)  when 
burning  at  the  rate  of  4ft.  an  hour,  then,  instead  of  40,  its  light  is 
stated  in  the  fourth  column  as  50 — because  the  standard  burner  was 
consuming  5ft.  an  hour  against  the  4ft.  consumed  by  the  tested  burner. 
In  like  manner,  if  a  tested  burner  gave  a  light  of  60  per  cent,  (com- 
pared to  the  standard)  when  burning  6ft.  an  hour,  then,  instead  of  60, 
its  light  is  stated  in  the  fourth  column  as  50 — as  it  was  consuming 
one-sixth  more  gas  than  the  standard  burner.  On  the  other  hand,  if 
the  tested  burner  consumed  exactly  5ft.  an  hour,  then  the  figures  in 
the  fourth  column  would  be  the  same  as  those  in  the  third  ;  for,  in 
this  case,  both  the  standard  and  the  tested  burner  were  consuming  the 
same  volume  of  gas. 

First,  let  us  give  the  results  of  the  experiments  with  fishtail  and 
batswing  burners  (Table  XXXII.). 

These  experiments  show  at  a  glance  what  a  difference  the  burner 
makes  upon  the  light  emitted  by  gas.  The  quality  of  the  gas  was,  in 
each  experiment,  the  same ;  yet  how  serious  the  difference  in  the 
amount  of  light  given  by  the  ^several  burners — one  of  them  (No.-  V.) 
giving  at  its  best  barely  one-fifth  of  the  light  obtainable  from  the  gas. 
But  the  point  specially  to  be  determined  is,  does  the  illuminating 
power  of  gas  vary  according  to  the  quantity  in  which  it  is  burnt, 
increasing  with  the  rate  of  consumption  ?  If  the  doctrine  maintained 
by  various  experimentalists  in  this  country,  and  which  Mr.  Farmer 
carried  to  an  extreme,  were  correct,  we  should  find  the  burners  giving 
more  and  more  light,  relative  to  the  quantity  of  gas  consumed,  as  the 
rate  of  consumption  is  increased ;  but  these  experiments  show  to 
demonstration  that  such  is  not  the  case.  Instead  of  the  gas  giving 
more  light  as  the  rate  of  consumption  is  increased,  it  will  be  seen 
that,  in  every  case,  there  is  a  point  beyond  which  the  light  dbcrbasbs 
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relatively  to  the  proportion  of  gas  oonsumed.  In  every  case,  too, 
this  point  lies  below,  and  in  most  cases  is  far  helow,  the  maximnm  of 
ordinary  gas  consumption.  Observe  the  turning  points  in  the  case  of 
the  different  burners.  In  No.  VII.  the  maximum  of  light  given  out 
is  when  the  gas  is  burning  at  the  rate  of  5ft.  an  hour — ^bnyond  which 

Table  XXXlh—Fishtail  Burners, 


S3| 

*M    ©    «{    O 

O   t!         C 


.1 

.2 
4 
6 

.8 
1-0 


.1 
2 
•3 
.4 
.5 
-6 
•73 


35 
45 

■57 

67 

77 

-87 


•05 
.1 
2 
.3 
•  4 
.5 
.6 


O     >4 
« 

a  o< 

O   49 

n      o 
g  3 


11 

17 
2-5 
8-0 
3-7 
4-2 


SO 
3-3 

3-S 
4-2 
4-6 
6-0 


1-3 
22 
3-6 
BO 

6-2 
7-2 
8-1 


o-e, 


I 


I  0 


I. 


6.8 
12-2 
17-6 
20-2 
22-0 
230 


II. 


1-7 

2-6 

3-1 

36 

41 

4-6 

52 

19-1 
30-7 
38.4 
44-3 
48-7 
67-5 
55-9 


III. 


297 
843 

38-1 
40-9 
43-5 
453 


VII. 

13-2 

16.4 

62.0 

86-6 

106-0 

111-2 

127-4 


2,53 


tA 


C 

c 


pa  eg 


M     -,     p 


^^^ 


31-2 

360* 

35-3 

33-7 

29-8 

27-4 


64-8 

59.0 

62. 0* 

61. 6 

58-7 

56-0 

532 


49-6 
520' 

50-2 
48-7 
47. 3 
45-3 


.05 
.17 
-26 
•61 
•95 


.3 
.5 

.65 

.8 


O  be 


1.0 
20 
3-0 
4.0 
5-0 


A  1  a  Q 
"3  be  •  -s  g 


?a  I. 


Batsicing  Burners, 


530 

74-8 

85.0 

86. 4* 

85-4 

79-4 

78-6 


IV. 


69 
18-8 
27-6 
30.9 
31.5 


V. 


1.4    • 

18 

2-0 

2-4 

4.8 
6-8 
7-2 
7-4 


VI. 


•05 

1-1 

.1 

1.5 

2 

2.2 

-3 

2.8 

.4 

83 

•6 

4-2 

.75 

4-7 

•85 

51 

-95 

5-4 

10 

5.6 

1.1 

5-9 

.1 

2.0 

.2 

34 

.3 

4-6 

.4 

5-7 

^■^ 

__ 

8-0 
16-6 
281 
39-2 
46-2 
620 
67-8 
71-9 
763 
777 
79-5 


VIII. 

28-7 
52.4 
76-6 

87.2 


9  •«  ■  a 
3 11 8 


£5 


a 
03 


341 

47.0* 

46-1 

386 

31.5 


17-4 
19. 0* 
18.2 
15-6 

366 
53-7 
63-8 
68-7 
690 
73-0 
722 
70-5 
70-0 
68-7 
67-4 


70.7 
77-0 
82. 2* 
765 


*  These  lines  show  the  psints  of  oonsnmptioQ  at  which  each  of  the  buraen 
gives  the  greatest  proportioD  of  light  from  the  gas. 

point  the  more  gas  burned  the  less  is  the  proportion  of  light  which  it 
gives.  In  No.  VIII.  the  maximum  of  light  is  at  4* 6ft.  an  hour;  in 
No.  YI.  it  is  at  4  •2ft.;  in  Nos.  II.  and  III.  it  is  about  8ft.;  in 
Tfo,  lY.  it  is  at  2ft. ;  and  in  Nos.  I,  and  Y.  at  only  l^ft.  I 
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These  experiments  with  batswing  and  fishtail  burners  show  con- 
clasively  that  there  is  no  foundation  for  the  above-mentioned  doctrine. 
But  when  we  come  to  deal  with  Argand  burners,  we  encounter  results 
which  tend  to  explain  how  the  doctrine  arose.  As  already  said,  the 
chief  means  of  obtaining  the  maximum  of  illuminating  power  from 
gas  is  to  ensure  an  exactly  adequate  supply  of  air  to  the  gas  flame ; 
and,  with  Argands,  this  point  is  easily  found,  for  it  immediately 
precedes  the  stage  of  combustion  at  which  the  flame  smokes— i.^., 
when  the  air  supply  becomes  deficient,  and  a  portion  of  the  gas  is  not 
thoroughly  consumed.  Indeed,  we  may  state  as  an  absolute  rule, 
that  every  burner  gives  its  own  maximum  of  light  (relative  to  the 
quantity  of  gas  consumed)  when  its  flame  is  just  upon  the  point  of 
smoking.  With  the  batswing  and  fishtail  burners  used  in  the  preceding 
experiments,  there  was  no  rate  of  consumption  at  which  the  flame  of 
any  of  them  visibly  smoked ;  and  this  holds  good  in  regard  to  almost 
all  batswing  and  fishtail  burners  when  used  with  common  gas,  i.e., 
gas  of  from  12  to  16  candle-power.  But  with  Argands  (owing  to  the 
glass  chimney  which  encloses  them,  and  regulates  the  air  supply), 
it  is  always  possible  to  increase  the  consumption  of  gas  to  such  a 
point  as  will  make  the  flame  smoke ;  and  hence  every  burner  of 
this  kind  can  be  used  in  a  manner  which  will  give  the  full  illumi- 
nating power  of  the  gas,  so  far  as  that  is  dependent  upon  an 
adequate  air  supply.  Now,  as  the  common  fault  of  Argands  is 
that  the  gas  issues  under  too  great  a  pressure,  i.e.,  with  too  great  a 
velocity,  thereby  bringing  the  flame  in  contact  with  too  much  air,  it 
follows  that  the  worse  the  Argand  the  better  will  it  become  when  a 
large  quantity  of  gas  is  burnt  in  it ;  for  the  air  supply,  as  regulated 
by  the  chimney,  being  nearly  a  fixed  quantity,  any  excess  in  the  air 
supply  can  be  neutralised  by  increasing  the  quantity  of  gas  consumed. 
But  with  all  Argands,  whether  good  or  bad,  the  larger  the  quantity 
of  gas  consumed  in  them  (short  of  smoking),  the  greater  will  be 
the  proportion  of  light  which  they  give  from  the  gas.  These  facts, 
we  repeat,  tend  to  explain  the  origin  of  the  erroneous  and  practically 
misleading  doctrine,  that  the  capacity  of  gas  to  give  light  increases 
with  the  quantity  of  gas  consumed. 

Here  are  the  results  of  experiments  made  with  four  kinds  of  the 
Argand  burner — ^the  first  (Sugg's  London  Burner  No.  1),  one  of  the 
best  that  has  ever  been  constructed;  the  second  and  third  are 
ordinarily  good  Argands  ;  and  the  fourth,  one  of  the  worst  Argands 
that  we  have  met  with.  The  experiments  with  each  burner  were 
carried  up  to  the  smoking  point,  beyond  which  point  experiments 
are  useless,  as  there  is  a  manifest  waste  of  gas  by  imperfect 
combustion  (Table  XXXIII.). 

Here  it  is  shown  that  the  larger  the  quantity  of  gas  consumed  in 
Argands,  short  of  smoking,  the  higher  the  proportion  of  light  which 
they  give  from  the  gas.    But  it  is  to  be  noticed  that  even  at  this  most 
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favourable  point  of  consumption  there  is  a  vast  difference  in  the 
amount  of  light  given  by  the  different  burners  (a  most  important  fact, 
the  causes  of  which  will  be  fully  considered  in  the  sequel).  In  short, 
then,  these  experiments  with  Argands,  like  the  previous  ones  \viih 
batswings  and  fishtails,  show  the  paramount  influence  which  the 
burner  has  upon  the  amount  of  light  obtained  from  the  gas.    For 

Table  XXXUl.—Arffand  Burners. 
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while  No.  I.  gives  (what  we  may  for  the  present  call)  the  full  illumi- 
nating power  of  the  gaa,  which  is  taken  as  100,  Nos.  II.  and  III.  give 
a  light  only  equal  to  78,  and  No.  lY.  a  light  only  equal  to  81.  In 
other  words,  the  last  of  these  burners,  iahen  at  its  best,  gives  only 
one- third  of  the  light  which  may  be  obtained  from  the  gas  by  a  really 
good  burner. 

The  next  experiments  tend  to  show,  by  direct  proof,  that  the 
illuminating  power  of  gas  remains  the  same,  in  whatever  quantities 
the  gas  is  consumed,  provided  that  the  right  kind  of  burners  be 
employed  in  the  experiments.  Every  burner  is  fitted,  and  every 
scientifically-constructed  burner  is  expressly  devised  for  a  certain  rate 
of  consumption,  and  to  use  a  6ft.  burner  with  8ft.  of  gas  is  as  absurd 
as  to  use  a  8ft.  burner  with  6ft.  of  gas.  Hitherto  sufficient  attention 
has  not  been  given  to  this  matter  (in  the  experiments  of  Christison, 
Farmer,  and  others,  it  was  wholly  overlooked) ;  but,  in  the  construc- 
tion of  his  new  *'  London  "  Argands,  Mr.  Sugg  has  acted  upon  this 
right  )'rinciple  with  great  success,  although,  as  will  be  seen  from  the 
ne}(t  trble,  there  is  9tiU  rpona   for   improveipept*     The  subjoined 
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experiments  were  made  with  his  series  of  London  Argandu,  designed 
to  bum  respectively  4ft.,  5ft.,  6ft.,  and  T^ft.  of  common  gas  ;  and,  aa 
before,  his  No.  1  burner,  consuming  5ft.  per  hour,  is  taken  as  the 
standard  =  100.  The  experiments  were  carried  up  to  the  smoking 
point  of  each  burner : — 

Sugg's  London  Argands, —  [These  Argands  are  so  constructed  as 
to  check  the  pressure  of  the  gas  '*  as  delivered  to  the  burner ; "  so 
that  the  pressure  given  in  the  first  column  is  no  indication  of  that 
under  which  the  gas  is  actually  consumed,  which  may  be  said  to  be 
nil;  whereas,  with  all  the  other  burners  tested  in  the  preceding 
tables,  the  pressure  of  the  gas  "as  delivered  to  the  burner"  is  the 
same  as  at  the  point  of  ignition.] 

As  with  the  Argands  previously  tested,  the  experiments  were  carried 
up  to  the  verge  of  smoking,  at  which  point  the  burners  give  their 
greatest  amount  of  light : — 

Table  XXXIV. 
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*  These  lines  show  the  points  of  consumption  at  which  each  of  the  burners 
gives  the  greatest  proportion  of  light  from  the  gas. 

Although  there  are  some  differences  here,  apparently  due  to  some 
Nob.  of  the  series  being  better  constructed  than  the  others,  these  last 
experiments  (especially  when  taken  in  connection  with  all  the  others), 
sufficiently  indicate  that,  throughout  the  common  range  of  ronsump- 
tion  there  is  no  difference  whatever  in  the  Uluminating  power  of  gas ; 
and  beyond  all  question  they  demonstrate  the  erroneousness  of  the 
doctrine  that  the  light-giving  power  of  gas  increases  in  a  higher  ratio 
than  the  quantity  of  gas  consumed.  In  fact,  the  smallest  burners  here 
give  the  best  results ;  so  that,  in  these  experiments,  the  gas  gives  less 
illuminating  power  when  burnt  in  large  quantity  than  in  small. 
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There  is  one  point  more,  connected  with  the  question  of  illuminating 
power  relative  to  the  quantity  of  gas  consumed,  which  remains  to  be 
noticed.  It  will  be  seen  that  in  the  case  of  every  one  of  the  burners 
used  in  the  preceding  experiments,  there  is  a  point  in  the  rate  of 
consumption  below  which  the  proportion  of  light  given  by  the  gas 
falls  short  of  the  maximum  of  Hgbt  which  each  of  the  burners  respec- 
tively can  give/-'  Indeed,  in  every  case,  we  have  purposely  com- 
menced our  experiments  with  each  burner  at  an  unduly  low  (some- 
times extremely  low)  rate  of  consumption  in  order  that  this  fact  may 
be  exhibited.  And,  arguing  from  this  fact,  the  most  cautious  and 
moderate  upholders  of  the  doctrine  that  the  illuminating  power  of  gas 
is  greatest  when  the  gas  is  burnt  in  large  quantities,  maintain  that, 
whatever  be  the  rate  of  consumption,  a  fixed  portion  of  the  illuminat- 
ing power  of  gas  must  always  be  lost,  and  that,  therefore,  it  is  advan- 
tageous to  burn  gas  in  large  quantities.  The  explanation  offered  of 
this  alleged  fact  is,  that  a  fixed  quantity  of  gas  must  be  wasted,  as 
regards  its  illuminating  power — must  be  consumed  simply  to  produce 
heat  in  sufficient  amount  to  render  the  remainder  of  the  gas  incan- 
descent and  light-giving. 

As  to  the  amount  of  this  "  fixed  "  quantity  of  gas  which  has  thus  to 
be  wasted,  no  statement  of  any  kind  has  ever  been  offered  ;  and  the 
whole  evidence  in  the  matter  proves  that  there  is  no  such  fixity  of 
quantiby  at  all,  and  consequently  that  the  inference  drawn  from  the 
supposed  fixity  (viz.,  as  to  the  light-giving  power  of  gas  increasing  in 
a  higher  ratio  than  the  consumption)  is  quite  unfounded.  Indeed, 
this  hypothesis  as  to  the  fixity  of  the  quantity  of  gas  (say,  a  foot  or 
half  a  foot)  which  is  necessarily  wasted,  as  regards  illuminating  power, 
however  great  or  little  may  be  the  whole  quantity  consumed  in  the 
burner,  is  totally  opposed  to  the  ordinary  laws  of  Nature.  To  suppose 
that,  when  the  rate  of  consumption  is  4ft.,  as  much  of  the  gas  must 
be  wasted  in  order  to  produce  heat  enough  to  render  the  remainder  of 
the  gas  luminous,  as  when  the  consumption  is  raised  to  double  that 
quantity,  is  preposterous ;  for  obviously  there  is  twice  as  much  gas  to 
be  raised  to  a  state  of  incandescence  in  the  latter  case  as  in  the  former. 
In  short,  it  might  as  well  be  maintained  that  the  same  quantity  of 
coal  is  required  to  raise  steam,  whether  the  boiler  be  large  or  small. 
Moreover,  as  shown  in  the  various  experiments  already  given,  and  as, 
indeed,  is  known  to  every  one  conversant  with  such  matters,  some 
burners,  when  consuming  exactly  the  same  quantity  of  gas,  vary  in 
the  amount  of  light  which  they  emit  to  the  extent  of  80,  50,  and  even 

*  Jast  aa  with  bafawiogs  and  fishtails,  thoro  is  a  point  of  consumptioii  above, 
as  woll  as  behw^  which  the  gas  emits  less  than  its  maximum  of  illaminating  power. 
Indeed,  this  is  true  of  all  kinds  of  barners,  Argands  included  ;  although  with 
Argands  the  loss  of  light,  aboTO  a  certain  rate  of  consumption,  is  due  to  smoking 
(imperfect  combustion  owing  to  a  deficiency  of  air),  whereas  with  naked  burners 
it  is  duo  to  an  oyer  supply  of  air. 
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70  per  cent.,  showing  a  corresponding  loss  or  waste  of  the  illuminating 
power,  and  thereby  proving  that  the  waste  is  anything  but  a  fixed 
quantity. 

In  truth,  in  this  case,  as  with  all  the  variations  in  the  proportion  of 
light  obtained  from  gas,  it  is  simply  a  question  of  burners.  No  burners* 
have  as  yet  been  devised  for  the  consumption  of  gas  in  very  small 
quantities,  nor  are  they  much  needed.  But,  lacking  such  burners,  let 
us  make  use  of  a  rude  apparatus  for  diminishing  the  air  supply — viz., 
a  metal  disc  placed  above  the  upper  end  of  the  chimney  of  an  Argand 
— and  observe  the  result.  The  burner  to  which  it  was  applied  was 
Sugg's  London  Argand  No.  0,  the  very  best  burner  yet  constructed^'^ 
and  which  gives  its  maximum  of  light  when  burning  at  the  rate  of  5ft.' 
per  hour — the  gas  being  of  fifteen  candle-power.  The  following  Table 
XXXV.  shows  the  extraordinary  change  made  by  the  apparatus  upon 
the  light  of  this  burner  when  consuming  gas  in  small  quantities : — 

Table  XXXV. 
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Here  is  seen  that  in  the  initial  experiment  the  application  of  the 
disc  instantaneously  increased  the  light  from  the  gas  nine-fold  !  And 
in  the  second  experiment  the  application  even  of  this  rude  apparatus 
sufficed  to  develop  from  only  two  feet  of  gas  an  amount  of  light  pro- 
portionately greater  than  is  obtainable  from  ordinarily  good  Argand s 
(or  any  other  kind  of  burner)  when  burning  at  the  usually  higher  rates 
of  gas  consumption.  So  that  the  loss  of  light  when  gas  is  burned  in 
small  quantities,  so  far  from  being  a  fixed  and  constant  quantity,  is 
shown  to  be  simply  owing  to  the  burner — not  to  any  variation  in  the 
light-giving  power  of  the  gas,  but  to  the  mechanical  apparatus 
employed  for  developing  that  power.  Just  as  (as  best  shown  in 
batswings  and  fishtails)  a  similar  and  equally  great  loss  of  light  takes 

*  It  is  necessary  to  state  that,  notwithstanding  the  great  care  and  skill  with 
which  Mr.  Sugg  constructs  bis  burners,  be  has  not  yet  succeeded  in  making  them 
entirely  uniform,  so  that  some  of  these  burners,  although  nominally  alike,  give 
appreciably  different  degrees  of  illuminating  power.  [Note  by  Ed.— Great  im- 
provements have  been  made  since  this  report  was  written,  and  the  observation 
does  not  apply  at  the  present  time.] 
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place  when  the  consumption  of  gas  is  raised  above  a  certun  point, 
which  varies  with  each  burner. 

Lefc  UB  now  summarise  the  results  of  the  preceding  experiments  — 

I.  In  the  case  of  the  batswing  and  fishtail  burners,  there  is  a  point  of 
consumption  above  which  every  increase  in  the  rate  of  consumption 
produces  a  decrease  of  light  relative  to  the  quantity  of  gas  consumed. 

II.  The  point  of  consumption  at  which  each  of  those  burners  gives 
its  maximum  of  light,  relative  to  the  quantity  of  gas  consumed,  varies 

-  enormously ;  two  burners  (Nos.  I.  and  V.,  page  194)  giving  most  light 
from  the  gas  when  the  rate  of  consumption  is  only  li  feet  per  hour. 

III.  With  Arganda,  on  the  other  hand,  the  light  from  the  gas 
steadily  increases  in  a  higher  ratio  than  the  consumption.  In  other 
words,  the  larger  quantity  of  gas  consumed  in  Argands  (up  to  the 
smoking  point),  the  greater  the  amount  of  light  obtained  relatively  to 
the  quantity  of  gas  consumed. 

IV.  Alike  with  Argands,  batswings,  and  fi&htails,  whatever  be  the 
rate  of  consumption  at  which  the  maximum  of  light  is  obtained  (in 
other  words,  taking  each  cf  the  burners  at  its  best),  there  is  neverthe- 
less a  striking  difiference  in  the  degree  of  light  obtained  from  the  same 
quantity  of  gas — some  burners  giving  a  light  equal  only  to  20,  while 
others  give  a  light  equal  to  60,  80,  and  100. 

V.  The  best  kinds  of  Argands  (Sugg*s  London  burners)  give  a 
nearly  equal  amount  of  light,  relatively  to  the  quantities  of  gas  con- 
sumed ;  the  experiments  with  them  tending  to  show  that,  within  the 
ordinary  range  of  consumption,  the  illuminating  power  of  gas  remains 
the  same. 

VI.  Finally,  even  as  regards  very  low  rates  of  consumption  (rates, 
indeed,  at  which  gas  is  never  burnt  for  illuminating  purposes),  the 
application  merely  of  a  rude  apparatus  for  regulating  the  air  supply 
suffices  to  make  only  ttvo  feet  of  gas  give  a  light  equal  in  proportion  to 
the  greatest  amount  of  light  obtainable  from  the  gas  when  consumed 
at  any  higher  rate  in  a  really  good  burner. 

The  establishment  of  the  true  facts  of  the  case,  simple  and  natural 
as  they  are,  not  only  serves  to  remove  a  stumbling-block  and  perplexity 
from  the  path  of  science,  but,  as  will  be  evident  in  the  sequel,  is  of 
importance  in  the  practical  question  as  to  what  is  the  best  mode  of 
consuming  gas,  with  a  view  to  obtain  efficiently  and  economically  its 
highest  amount  of  illuminating  power. 

UNGOVERNED  FLAT-FLAME  liURNERS. 

Brays  Gas  Burners  are  so  well  known  as  to  hardly 
require  description,  but  it  will  nevertheless  be  as  well  to 
indicate  the  special  features  of  the  various  kinds. 

(1)  Specials  are  in  three  foims,  like  most  other  burners 
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of  this  maker,  viz.,  "  Union  Jet,"  "  Slit  Union,"  and  "  Bats- 
wing,"  to  suit  various  pressures  and  qualities  of  gas. 

"iSj^cciaf"  Burners  (Figs.  64,  G5,  C6). — For  general 
purposes  the  union  jet  i-s  claimed  to  be  the  most 
serviceable  burner  on  the  market.  The  "  Special " 
burners  are  made  in  the  union  jet,  Uatswing  and  slit 
union  types,  to  suit  any  pressure  or  quality  of  gas, 
by  means  of  a  check,  so  placed  that  it  cannot  he  tampered 
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with  or  disarranged,  Thoj'  give  a  large,  well-shaped 
flame,  are  intlestructiblc,  not  liable  to  get  out  of  ortler,  and 
show,  after  years  of  steady  use,  the  same  standard  condi- 
tions under  test.  Size-i :  union  jets,  00000  to  8 ;  bats- 
wing,  000  to  0  ;  slit  unions,  1  to  9. 

(2)  "Atljuslable  Special"  Burners  {Figs.  67,  68) 
arc  only  intended  for  use  where  the  jressure  of  gas 
is  too  high  for  the  ordinary  burner,  as  is  the  case 
in  the  upper  part  of  elevated  districts,  and  the 
top  floors  of  tall  office  buildings  and  factories.  They 
are  modifications  of  the  "  Specials,"  but  differ  from 
them  in  that  they  should  be  iittcd  by  experienced  persons, 
while  the  "Specials"  can  be  put  on  by  anyone.  The 
"Adjustable  Special"  consists  of  two  burners  screwed 
together.  The  bottom  burner  limits  the  supply  of  gas  to 
the  top,  and  after  deciding  the  size  of  the  top  burner,  the 
pressure  and  consumption  of  gas  is  at  once  determined  and 
regulated  by  the  use  of  the  proper  size  bottom  burner.    The 
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top  burners  are  made  in  union  jeis  (sizes  1  to  8),  batswing 
and  slit  union  (sizes  1  to  0),  and  the  bottom  burners  in 
union  jeta  (sizes  00  to  6).  The  illuminating  power  is 
about  the  same  aa  that  of  the  "  Specials,"    The  tops  and 
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bottoms  of  the  "  Adjustable  Special "  buraei"s  of  course  vary 
in  size.  The  tops  range  from  1  to  9  ;  the  bottoms  from  00 
to  C  ;  and  are  all  interchangeable. 

(3)  "Regulator"  Burners  (Figs.  69,  70,  and  71).— 
Though  their  ilhiminatinjr  power  is  not  equal  to  that 
of  the  "  Special "  or  "  Adjustabrc  Special "  burners, 
or    ao    much    under    control,    these    "  Regulators,"     as 
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they  are  usually  called,  are  nevertheless  claimed  to 
be  much  superior  to  the  ordinary  steatite  tip  for  general 
purposes.  A  steady,  well-shaped  flame  is  prodnceil  by  the 
combination  of  the  "  tip "  and  the  arrangement  in  the 
interior  of  the  burner.  For  "  Clusters"  or  "  Beacon  Lights," 
or  for  purposes  where  two  or  more  buraei-a  are  requiredfor 


Ftat-ffame  Burners.  tVi^ 

converging  lights,  the  "Regulator" is  recommended.  Sizes: 
union  jets,  00  to  7 ;  slit  unions,  1  to  8 ;  batswing,  000 
to  8. 

(4)  The  G((S  Economiaer  (Figs.  72  and  73)  is  an  economical 
adaptation  of  the  "  Adjustable  "  burner, but  is  less  generally 
useful.  For  some  purposes,  however,  the  "  Gas  Economisers  " 
are  found  to  be  acceptable,  and  their  cheapness  is  then  in  their 
favour.     The  top  part  only  is  re<|uired,  and  is  made  merely 


to  slip  on  to  the  ordinary  "  Regulator  "  burners.  The  "  Gas 
Economisers  "  are  made  in  union  jets,  batsM'ings,  and  slit 
Unions,  Sizes :  union  jets,  Nos.  5  and  7 ;  batswings, 
Nos.  5  and  7;  ulit  unions,  Nos,  5  and  7,  the  slit  union  type 
being  recommended. 

(5)  "  Non-liegulator "  Bwmera.  —  These  burners  are 
similar  in  outward  ajjpcarance  to  the  "  Regulators,"  but 
shorter  in  the  socket,  and  are  without  the  interior  regulat- 
ing medium.  They  do  not  prevent  roaring  and  flickering;, 
but  they  are  useful  burners  for  many  pui-poses.  Sizes  of 
" Non- Regulator  "  burners:  union  Jets,  0  to  8;  batswings, 
00  to  9 ;  slit  unions,  2  to  9. 

(6)  "  Ratsiail "  or  One-hole  Burner. — This  burner  shoots 
out  a  straight  jet,  like  a  rat's  tail,  and  is  used  to  some 
extent  for  lighting  purposes,  heating,  cooking,  pipe-lighting, 
&c  The  sizes  usually  made  are  Nos.  00  to  6  included,  but 
larger  sizes  can,  of  course,  be  made. 

(7)  "  Sunlight "  Bumera. — These  are  union  jet  burners, 
adapted  for  use  in  sunlights,  with  veiy  strong  cases,  tips 
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extra  secured,  and  special  regulating  medium.  Sizes : 
union  jets,  00  to  7. 

(S)  "Oven"  Ba^'Tiers  are  specially  made  for  use  in  gcs 
ovens.     Sizes :  Union  jets,  Nos.  00  anil  0, 

(9)  "Acetylene"  £«r7ie)'s  (Figs.  74,  75,  and  7(j|— Great 
skill  and  care  is  required  in  the  manufacture  of  acetylene 
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Lumers ;  tl»e  drilling  and  fitting  demand  tlie  utmost  pre- 
cision of  workmanship.  Bray's  acetylene  burners  are 
undouhtcdly  of  very  high  grade,  and  are  made  in  union  jet 
sizes,  000,  0000,  and  00000;  patent  Ceetee  union  jets,  if t- 
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and  lit.;  "RatstaiP'or  one-hole  burner,  sizes  00000000  to 
000.  Bray's  Luta  burner  (Fig.  70)  is  constructed  on  the 
Bunsen  principle. 

(10)  "Marktt"  Burners  (Figs.  77  and  78).— These  are 
made  in  union  jets,  batswing,  and  slit  union  burners  of  a 
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large  size,  suitable  for  markets  or  places  where  large  flamea 
nre required, ami  foroutsitic  lighting.  The  sizes  are:  Union 
jets,  Nos.  H  ami  9 ;  batswing,  No;;.  10  and  11 ;  slit  union 
Nos.  10  and  11. 

(11)  "  Railmi'j  Carr'ui'je"  Burners. — These  burners  are 
specially  made  for  use  in  the  lighting  of  railway  carriages. 
Sizes :  union  jets,  0000,  000,  00. 

(12)  "Stcniiard"  ^iii-nccrf.— Lighting  power.  20,  30,  40, 
50,  60,  70,  and  80  candles  each.  These  burners  wore  intro- 
duced in  February,  1879,  to  compete,  for  street  lighting 
with  the  electric  light  and  the  Argand  system  of  gas  light- 
ing. Messifi.  Bray  and  Co.  state  that  before  their  introduction 
there  were  no  slit  union  buinei-s  which  jielded  more  than 
14'8  candles  per  5  cubic  feet  of  l(i-candle  gas,  whilst  these 
"  Standard  "  burners  give  a  light  of  17  candles  per  5  cubic 
feet  of  16-candle  gas— an  increase  of  over  14  per  cent. — 
and  maintain  this  high  lighting  power  through  consuinp- 
tions  of  8ft.  to  2.'jft,  per  hour.  The  pressure  at  the  point 
of  ignition  should  not  be  less  than  six-tenth.s,  and  may  bo 
increased  to  ten-tenths  without  diminishing  the  yield  of 
light  per  foot  of  gas  consumed.  The  "  Standard  "  burners 
are  suitable  for  lighting  large  areas,  either  singly  or  in 
clusters,  and  with  or  without  lant'jms. 


Fit  7ft  Fit  03-  Fi'-  «•■ 

Messrs.  Sugg  and  Co.'s  Table-top  Steatite  Flat-fiame 
Burners  are  shown  in  Figs.  79  to  83,  and  their  HUlow-top 
Steatite  Bv-mers  in  Fig.  Si, 
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Shigle  Flat  Flame  Bv.i"ners  with  Govei'noi-s. — With  the 
object  of  preventing  the  passage  of  an  excessive  quantity 
of  gas  through  the  burner,  tlie  govei'netl  burner,  as  it  is 
ealled,  was  introduced.  There  are  numerous  patterns  of 
these,  but  they  are  all  on  the  same  principle,  viz.,  the 
i-cstriction  of  the  ga.s  supply  by  the  action  of  a  plug  or 
needle  rising  or  falling  in  the  gas-way,  the-  movement 
being  regulated  by  the  pressure  of  the  gas  upon  a 
diaphragm,  which  may  be  made  of  leather,  steatite,  brasF, 
&e.,  their  object  being  to  ensure  the  burner  consuming  the 
particular  rate  of  gas  for  which  it  is  best  adapted.  Their 
effect  on  the  duty  of  the  gas  is  most  marked  in  the  case  of 


burners  consuming  les.s  than  4'3  cubic  feet  of  gas  per  hour, 
as,  by  reason  of  the  steadying  and  better  oxidisation  of 
the  flame,  nearly  double  the  amount  of  light  is  afforded. 
The  reason  of  this  is  that  a  good  burner  employed  with  a 
goveinor  restricts  the  flow  of  gas  to  a  suitable  rate, 
whereas,  if  the  same  burner  was  employed  without  a 
governor  or  other  restricting  arrangement,  it  would  allow 
too  large  a  volume  of  gas  to  pass,  to  prevent  which  it  hfl.s 
to  be  made  of  such  a  size  that  it  cannot  bum  the  gaa  under 
the  most  favourable  conditions. 

The  Peebles  Needle  Govertwr  Burner,  manufactured  by 
Messrs,  D.  Bruce  Peebles  and  Co.,  of  Edinburgh,  is  specially 
designed  for   use    in  all    kinds    of    situations    either    of 
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position  or  altitude.  As  its  name  implies,  every  burner 
contains  a  governor  to  control  the  flow  of  gas  to  the  burner 
.tip,  so  as  to  ensure  a  constant  rate  of  consumption  under 
varying  conditions  of  pressure  of  the  gas  in  the  supply 
pipe.  The  burner  tip  is  designed  to  give  such  a  pressure  at 
the  actual  point  of  ignition  as  will  ensure  the  best 
illuminating  power  of  the  gas  used  being  obtained.  In 
other  words,  to  obtain  the  best  results  from  two  burners, 
one  burning  5  cubic  feet  per  hour,  and  the  other  2  cubic 
feet  per  hour,  different  burner  tips  must  be  used,  so  that  the 
rate  at  which  the.  gas  issues  from  the  buruer  may  be  such 
as  to  secure  the  best  illuminating  effect.  This  result  cannot 
be  readily  obtained  by  the  use  of  larger  governors  on  the 
main  supply  pipe,  because  when  gas  is  used  for  other 
purposes — i.e.,  heating  and  cooking — it  is  not  convenient  to 
reduce  the  pressure  in  the  service  pipes  so  low  as  is 
necessary  to  obtain  good  lighting  results  with  ungoverned 
burners. 

For  dwelling-houses  or  other  buildings  where  there  is 
usually  a  difference  of  altitude  of  many  feet  from  the  base- 
ment to  the  top  rooms,  and  where  different  sizes  of  burners 
would  be  required,  automatic  governor  burners  are  best,  as 
the  varying  pressure  at  the  different  altitudes  is  thereby 
corrected  at  the  point  required,  viz.,  the  burner  tip,  and 
the  light  from  the  smaller  flames  approximates  more  nearly 
to  the  ratio  afforded  by  the  larger  flames  in  proportion  to 
the  volume  of  gas  burnt. 

As  will  be  seen  from  the  illustrations  (Figs.  85  to  89),  the 
Peebles  needle  burners  are  scientifically  constructed  instru- 
ments, being  simple  in  their  mechanism  and  therefore  not 
liable  to  get  out  of  order.  Referring  to  the  section  shown 
in  Fig.  87,  the  cone  shown  resting  on  the  needle 
automatically  rises  and  falls  according  to  the  pressure  of 
the  gas ;  and,  being  balanced  between  the  outlet  and  inlet 
gas  pressures,  closes  or  opens  the  aperture  at  the  top  of  the 
inner  case,  thereby  silently  regulating  the  quantity  of  gas 
passing  at  all  times, 
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It  is  claimed  £or  these  burners  that  they  maintain  a 
iiniform  consumption  of  gas  under  all  pressures  from  four- 
tenths    up   to   thirty-five   tenths  of  an    inch ;  and,  ccnse- 
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quently,  that  the  gas   is  consumed  at  the  pressure  most 
suitable  for  each  particular  burner  lip. 
Messrs.  Svpg's  FUtt-Jlame  Goveinor  Burnn;  fitted  with 
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steatite  float,  in  strong  brass  ca^e,  and  table-top  burner,  is 
showD  in  Fig.  90.  The  latest  form  of  Sugg's  patent  steatite  ■ 
float  governor  burner  is  the  "  cone-top  "  (Fig.  91),  suitable 
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for  warehouse,  workshop,  or  private  dwelling,  for  con.sump- 
tions  of  'i  to  G  cubic  feet  per  hour.  Fig.  92  shows  the 
"  Westminster,"  with  brass  arms  for  carrying  a  globe. 


Flat-flame  Bu^-Tiers  m  Lanterns. — As  the  object  of  these 
combinations  of  burners  and  lanterns  is  to  throw  the  light 
downwards  and  outwards,  they  must  be  tested  not  only  in 
th^  horizontal  direction,  but  at  different  angles  between^the 
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horizontal  and  the  vertical  below.  It  will,  of  course,  be 
understood  that  the  "  duty  "  expresses  not  merely  the  direct 
light  emitted  from  the  burners,  but  also  that  thrown  in  the 
same  direction  by  the  aid  of  the  reflectors  in  the  lantern. 
In  the  case  of  several  lamps  the  author  has  examined,  such 
as  the  "  Newington  "  and  "  Lambeth "  lamps,  a  duty  of 
5-4  candled  was  obtained.  These  lanterns,  however,  do  not 
emit  rays  at  a  higher  angle  than  about  5  deg.  above  the 
horizontal,  whereas  other  lamps,  such  as  the  "  Camberwell " 
and  "  Balham,"  emit  rays  of  light  at  26  deg.  and  27  deg. 
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above  the  horizontal,  but  with  a  correspondingly  decreased 
"duty."  This  constitutes  an  essential  difference  in  regard 
to  their  use  for  street  lighting,  the  former  type  being  more 
adapted  to  affording  a  brighter  illumination  in  open  spaces 
where  a  specially  good  light  is  required,  whilst  the  latter 
are  more  suitable  for  general  street  lighting  of  the  ordinary 
type. 

Grouped  Flat-flame  Burners  vAtkout  Lanterns. — Messrs. 
Sugg  and  Co.'s  five-flame  combination  burner  is  shown  in 
Fig.  93,  and  the  same  firm's  "  Billingsgate "  combi- 
natioQ   burner   in   Fig.  94.      These    are    groups    of    fiat- 
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flame  burners,  having  from  two  burners  to  five  or 
more  as  required.  By  the  heat  radiated  from  such 
lai^  masses  of  Bame  the  principle  of  "  regeneration  "  is,  to 
a  slight  extent,  brought  into  play,  with  the  result  that  a 
duty  of  3  ■  8  candies  per  foot  may  be  readily  obtained  in  the 
horizontal  direction  without  the  aid  of  reflectors.  The 
advantage  of  this  form  of  bumer  is  that  it  avoids  the  con- 
stant attention  required  by    the   Argand   or  other  more 
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complicated  make  of  bumer,  and  therefore  costs  less  for 
attendance. 

For  general  use  in  workshops,  ic,  grouped  flat^flame 
burners,  fitted  with  a  simple  form  of  reflector,  are  perhaps 
as  economical  in  first  cost  and  upkeep  as  can  be  desired. 

Argand  Burners  (Figs.  95  and  96). — Where  the 
necessary  attention  can  be  given  in  order  to  keep 
the  chimneys  clean,  this  form  of  bumer  has  still 
many  advocates.  The  greatly  improved  forms  now 
give  comparatively  very  high  duties,  ranging  from 
3 '  0   to  4 '  2  (handles  per  cubic  foot   of  gas    consumed. 

p8 
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Various  proposals  have  been  made  from  time  to  time  to 
impi'ove  the  light  of  the  burner  by  fixing  a  central  plate 
over  the  steatite  for  the  purpose  of  deflecting  the  flame,  so 
as  to  give  it  the  form  of  a  cup ;  one  such  burner  examined 
was  found  to  give  a  duty  of  4  •  4  candles  per  foot.  Un- 
fortunately this  high  duty  is  speedily  diminished  by  a 
deposit  or  ^'  bloom  "  on  the  sides  of  the  glass  chimney,  and 
thus  the  initial  advantage  is  soon  lost,  and  if  the  glaas  is 
not  very  frequently  cleaned  a  very  poor  result  is  obtained. 
This  deposit  on  the  chimneys  is  the  one  drawback  to  all 
forms  of  burners  involving  their  use. 

Numerous  attempts  have  been  made  to  increase  the 
efficiency  of  Argand  gas  burners  by  forming  them  of  two 
or  more  concentric  rings*  of  burners,  so  as  to  yield  a  series 
of  Argand  flames  within  one  another.  In  this  manner  the 
late  Sir  James  Douglas  employed  no  less  than  six  rings  of 
flame ;  the  gas  supply  to  each  being  independent  of  the  rest. 
The  following  are  the  average  results  of  the  tests  made  by 
the  author  and  Professor  William  Foster  with  these : — 

OoDBamption      niaml- 
Barner.  of  gas,  onbic  feet    natiiig  Doty. 

per  hour.         power. 

Douglas's  six-ringed  Argand 91*4  ... 

Douglas's  three-ringed  Argand     ...  21*6  ... 

Bugg  and  Co.'s  fonr-ringed  Argand  94*8  ... 

Sugg  and  Co.'s  two-ringed  Argand  28*5  ... 

"  Regenerative  "  Buimers, — Although  it  is  laigely  due  to 
Mr.  Frederick  Siemens  that  we  owe  the  introduction  of  the 
great  improvements  in  gas  burners  by  the  system  of  heating 
both  the  air  and  gas  supply  on  their  passage  to  the  point  of 
ignition,  yet  we  are  indebted  to  Faraday  for  the  experi- 
mental demonstrations  of  the  economical  results  arising 
from  the  heating  of  the  air  supply  by  the  "  waste  heat "  of 
the  burner.  An  Argand  burner,  fitted  with  a  double 
chimney  as  proposed  by  Faraday,  was  exhibited  at  the 
Crystal  Palace  Exhibition  by  Messrs.  Henry  Greene  and 
Son,  and  was  tested  by  the  author  in  conjunction  with 


486*8 

...  4*71 

85*1 

...  8  98 

451*8 

...  4*77 

120-8 

...  4  25 
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Professor  Foster,  with  the  result  that  it  was  found  to  give 
a  mean  duty  of  3  *  G3  candles  per  cubic  foot  of  gas,  the 
absolute  consumption  being  remarkably  low — 3  •  78  cubic 
feet  of  gas  per  hour. 

The  original  burners  constructed  on  Mr.  Siemens' principle 
were  a  great  advance  upon  anything  previously  known, 
giving  duties  of  4i  to  5  •  2  candles  per  foot  without  the 
aid  of  reflectors.  The  improvement  made  by  Mr.  Grimston 
gave  still  higher  results,  viz.,  8  •  6  candles  per  cubic  foot  of 
gas  consumed,  when  the  light  was  tested  in  the  most 
favourable  position,  viz.,  with  the  burner  directly  overhead, 
and  assisted  by  a  suitable  reflector.  A  smaller  burner,  con- 
structed by  Mr.  F.  C.  Clark,  gave  G  *  9  candles  per  cubic  foot 
under  the  most  favourable  circumstances. 

Improvements  were  effected  from  time  to  time  by 
Wenham,  Sugg,  and  others,  until  Mr.  Sugg  produced  a 
burner  which  gave  about  11*0  candles  per  cubic  foot 
of  gas,  without  the  aid  of  reflectors.  This  seemed 
to  be  the  climax  in  the  way  of  intensity  obtainable  by 
direct  combustion  of  ordinaiy  IG-candle  coal  gas.  Unfortu- 
nately, the  initial  expense,  and  the  attention  required  by 
this  type  of  burner,  seems  to  have  too  heavily  handicapped 
it  in  the  race  a^inst  the  modem  developments  of  the 
incandescent  mantle  type. 

Teats  of  Burners, — The  following  are  observations  by 
Mr.  Fairley,  of  Leeds,  on  a  series  of  experiments  on  various 
burners  with  gas  having  an  illuminating  power  of  17 '  5 
candles  when  tested  by  the  15-hole  Argand  burner,  equal 
to  about  19-candle  gas  when  used  in  the  London  Argand 
24-hole  burner : — 

The  bonierB  tested  are  of  lour  klDds,  each  with  modifications  by 
different  makers.  The  **  onion  jet "  or  **  fish  tail  ;'*  the  "  batswing ;  '* 
the  "  slit  union  **  or  '^flskl.  flame ;  "  and  the  "  Argand."  These  are  each 
made  with  or  without  a  check  at  the  bottom  of  the  burner  to  diminish 
the  pressure,  or  with  or  without  a  small  governor  attached  to  each 
burner  to  keep  the  consumption  constant. 

The  Siemens  regenerative  burner  is  somewhat  different  from  any  of 
these,  but  is  a  modified  Argand  with  fittings  for  heating  the  gas  and 
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Table  XXXVIII. 
BRAY'S  LARGE  BIJRKIR?,  SIEMENS'  REGEKERATIVE  BURNERS,  Ac. 
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4.45 

14-8 

16-6 

H 

6 

.5 

445 

18-4 

20-6 

PS 
u 

3 

1.5 

5.95 

18-4 

155 

6 

10 

675 

26 

19.3 

X 

6 

1-5 

8.4 

21. 2 

12.6fl 

*  Flares  and  smokes,    f  Tbe  Eupply  at  cominaod  could  not  give  1.5in.  pretsure 
with  these  burners.    X  Eor  street  h'ghticg.    §  With  tap  on  double.    (1  With  tap 

off  single.    S--Smokee.    fl—FIaree. 
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air  by  ihe  waste  heat  of  the  flame.  This  priDciple  was  first  applied, 
many  years  ago,  by  Leslie,  and  by  Faraday,  and  gives  an  increase  of 
from  80  to  60  per  cent,  in  the  light  obtained. 

As  a  rule,  burners  with  governors  are  preferable  to  burners  without 
them,  even  where  a  governor  is  attached  to  the  meter.    Any  burner 

Table  XXXIX. 

SUGG'S  AND  PEEBLES'  GOVERNOR  BURNERS  (BURNERS  WITH 
GOVERNORS).    BEHL'S  AND  BORRADAILE'S  GOVERNORS. 


00 

< 
C 

8  9 

80 

ti 
11 

fie 
•5 

Cu.  ft  per 
hour. 

lUu. 
minAttng 
powet  lu 
standard 

Iliu- 

mloating 

power  per 

6  cu.  ft. 

Number 
^     of  burner. 

PreMure 
in  inches. 

u 
2-8 

minating 

power  in 

standard 

candles. 

5-2 

20 

19.2 

.5 

9.5 

169 

-^ 

bole 

3 

0 

3.4 

11.0 

16.2 

SB 

80 

1-0 

5-4 

20-8 

193 

a 

5 

3.4 

11.0 

162 

g 

30 

1-5 

54 

20-8 

19. 8 

4 

5 

3.5 

126 

18 

«i^ 

33 

6 

5.7 

21. 5 

19 

E^ 

4 

0 

42 

14.9 

178 

1-1 

bole 

2 

4 

5 

4-2 

14. 9 

17.8 

«Q. 

33 

1-0 

r.9 

21. 8 

18-5 

s« 

5 

5 

3.97 

15-2 

191 

« 

r^ 

33 

1-5 

6 

21. 8 

18-4 

5 

0 

5 

19 

19 

g 

5 

5 

5 

19 

39 

ec 

6 

5 

4.g5 

19 

39.5 

6 

0 

6-2 

24-8 

20 

^^- 

A 

5 

6-2 

24.8 

20 

< 

4 

.ft 

3 

10. 8 

18 

0* 

1 

5 

6.05 

22.9 

19 

^m 

2 

4 

10 

4.7 

16-8 

18 

/ 

0 

8-1 

31-2 

IP. 4 

< 

4 

15 

4.7 

16-8 

18 

/ 

•5 

8.1 

31  2 

19.4 

S 

h 

h 

4 

14.6 

18-2 

• 

8 

5 

6.24 

24 

19.:^ 

5 

10 

6.1 

22. 4 

18-4 

Eg 

8 

0 

8 

32 

20 

ts 
o 

5 

1-5 

71 

'/6 

I8.4 

S  6 

8 

-5 

8 

32 

20 

6 

6- 

41 

14-8 

18.1 

• 

J" 

6 

1-0 

6.4 

24 

38.8 

ft .  HH 

ts 

6 

1-5 

70 

28 

20 

.  1   >»' 

.5 
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89 

14.5 

09 

10 
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385 
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11.1 
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14. 4 
14-4 

* 

• 

0 
as 

Ft. 

< 

4 

•5 

2.65 

10-0 

18-8 

£4 

2 

.5 

2 

66 

I6.4 

0* 
< 

4 

10 

4.4 

16-0 

18-2 

2 

1.0 

2.1 

69 

164 

g 

4 

1-6 

4.4 

160 

18-2 

2 

1-6 

21 
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ytf 
OS 

5 

5 

42 

16-2 

19-2 

s« 

5 

•5 

4.9 

18. 5 

19 

5 

10 

5.75 

22. 6 

19.6 

5 

1.0 

5 

19 

19 

o 

6 

1-5 

6-75 

22.5 

19-6 

Q  9 

5 

1.5 

5 

39 

19 

• 

6 

•  5 

6 

19.6 

19-6 

flS 

10: 

.5 

7-3 

28 

19.3 

o 

6 

1.0 

6.6 

256 

19.8 

g 

10: 

1.0 

9.8 

89 

20 

6 

15 

66 

25-5 

19-3 

S 

10: 

15 

9-8 

39 

20 

*  Large  for  globes,     f  SmalL     it  Sent  oat  withoot  burner,  fitted  with 

Braj'e  80-candle  burner  to  be  tested. 

wiib  too  Utile  gas  is  flickering  and  unsteady,  and  often  smoky,  and 
with  too  much  gas  it  is  also  wasteful  and  generally  smoky.  Each 
burner  has  a  particular  pressure  at  which  it  gives  its  best  results. 

The  burners  most  sensitive  to  variations  of  pressure  are  the  union 
jets  and  the  Argands.    These  are  much  improved  by  a  check  or 
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governor  attached  to  the  burner.  Where  a  very  eteacly  uniform  local- 
ised light  is  desired,  and  a  burner  not  very  sensitive  to  the  effects  of 
dust,  the  union  jet  may  be  employed,  but  it  gives  Ices  light  for  the  gas 
consumed  than  the  other  burners,  especially  with  the  smaller  sizes. 

The  slit  burners  are  more  sensitive  to  dust,  but  the  proportion  of 
light  obtained  per  foot  of  gas  equals  or  surpasses  in  some  instances 
that  obtained  from  the  Argands. 

The  Argands  require  more  care  and  attention  than  any  other  form. 
Unless  reflectors  are  used,  the  light  is  given  off  chiefly  in  the  horizontal 
plane  of  the  flame,  so  that  it  is  much  darker  above  or  below  the  burner. 
The  chimney  glasses  require  daily  cleaning. 

An  Argand  is  more  smoky  than  any  other  burner  if  too  much  gas 
is  supplied  to  it,  and  gives  exceedingly  little  light  when  the  supply  is 
too  small. 

Some  makers  send  out  duplex  burners  (two  small  burners  mounted 
so  that  the  flames  coalesce).  These  burners  are  smoky  at  low 
pressures,  giving  a  flame  of  the  same  character  as  that  from  a  large- 
sized  ordinary  burner  with  too  small  a  supply  of  gas.  At  higher 
pressures,  l'5in.  and  upwards,  they  give  better  results,  but  not 
superior  or  often  so  good  as  those  obtained  from  the  best  single 
burners. 

None  of  the  batswing  burners  are  suitable  for  globes,  while  the 
union  jets  and  slit  unions  or  flat  flames  are  suitable.  No  globes 
should  have  an  opening,  at  the  bottom,  of  less  than  Sin.,  otherwise  a 
great  part  of  the  light  is  lost.  Mica  or  porcelain  tops  placed  over  the 
globes  help  to  increase  the  light,  and  to  diminish  the  production  of 
smoke. 

AlbO'Carbon  System, — From  time  to  time  various 
methods  have  been  suggested  and  tried  for  enriching 
the  gas,  either  at  or  immediately  before  the  burner.  None 
of  these  methods  seem  to  have  had  much  success  until 
the  Albo- Carbon  Company  introduced  their  process  of 
enriching  the  coal  gas  by  means  of  naphthalene  stored  in  a 
solid  condition  in  a  vessel  so  situated  that  it  is  heated  by 
the  gas  flame,  the  naphthalene  thus  volatilised  being  carried 
forward  by  the  gas  to  the  burner.  The  system  had  a  great 
advantage  in  that  it  gave  an  exceedingly  bright  and  agree- 
able light.  The  naphthalene  used  is  a  bye-product  of  the 
gas  manufacture,  being,  indeed,  the  substance  which  all  gas 
engineers  endeavour  to  retain  in  the  gas  to  the  greatest 
extent  possible,  but  which  immediately  begins  to  crystallise 
out  of  the  gas  in  cold  weather,  and  forms  deposits,  thus  not 
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only  depreciating  the  value  of  the  illuminating  power  of 
the  gas,  but  choking  the  supply  pipes.  This  substance  has 
the  chemical  composition  Cio  Hj,  melts  at  174  2°  Fah.,  and 
boils  at  420°  Fah.  The  effect  of  its  use  for  increasing  the 
light  afforded  by  ordinary  coal  gas  will  be  seen  by  the 
following  table : — 

Tablb  XL. 


.1 

.a 

I 
i 

i 

ft 

■5 

I 
s 

n     1 

nil 
-1 

1*11 

n 

1 

iii 

1 

1' 

8-6 
82 
8-4 
86 
8-4 

321  6 
12S-S 
119  0 
180-0 
218  0 

27-3 
19- 1 
200 
28-2 
275 

10- 1 
90 
9-5 

100 
96 

17-1 
10' 1 
10-5 
18-2 
17  0 

12-9 
12-2 
11-8 
18-7 
11-9 

90 
60 

eo 

60 
80 

1-5 
11 
11 
1-5 
1-6 

The  mean  of  the  figures  in  the  sixth  column  shows  a 
"duty"  of  the  naphthalene  equal  to  IZ'l  grains  per  candle 
per  hour.  Special  experiments  showed  that  although  the 
apparatus  soon  began  to  afford  a  good  light  after  being  lit, 
yet  an  interval  of  fifty  minutes  elapsed  before  the  effect  of 
the  naphthalene  was  at  its  maximum. 
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CHAPTER  XII. 

INCANDESCENT  GAS  LIGHTING. 

The  title  of  this  chapter  is  used  to  denote  those  burners 
which  are  employed  for  heating  solid  substances  to  a  high 
temperature  (incandescence)  by  means  of  a  mixture  of 
combustible  gas  and  air,  the  mixture  being  in  such  propor- 
tions that  the  gas  itself  does  not  directly  contribute  to  the 
lighting  effects  obtained.* 

The  immediate  forerunners  of  the  now  widely-known 
Wekbach  system  were  the  burners  of  M.  Clamond  and  of 
Mr.  Lewis.  Each  of  these  gentlemen  arrived  at  similar 
results  by  slightly  different  methods,  since  the  apparatus  of 
each  was  essentially  a  blow -pipe,  with  an  air  supply  main- 
tained by  special  mechanical  arrangements. 

The  Clamond  burner  was  inverted,  the  gas  and  air  pass- 
ing downwards  through  a  box-like  arrangement  made  of 
metal.  From  the  lower  surface  was  suspended  a  conical 
basket,  the  walls  of  which  were  composed  of  twisted 
threads  of  calcined  magnesia  (magnesium  oxide).  A  cage, 
composed  of  a  few  thin  platinum  wdres,  supported  the 
basket.  Its  size  was  2^in.  long,  the  section  of  the  cone  at 
the  base  being  fin.  in  diameter. 

The  baskets  were  made  from  a  mixture  of  the  hydrate 
and  acetate  of  magnesia,  brought  into  a  condition  of  paste 
or  cream  by  means  of  water.  After  they  were  made  from 
this  material  on  a  suitaUe  mould,  they  were  dried  and  fired 
The  acetate  and  hydrate  losing  certain  of  their  constituents, 
became   converted  to  a  condition  of  oxide.    They  were 

*  See  Report  on  Crystol  Palace  Exhibition,  1882-3,  hj  W.  J.  Dibdin  and 
Professor  William  Foster. 
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necessarily  extremely  fragile.  The  air  supply  was  artifici- 
ally maintained  at  a  pressure  of  about  6in.  of  water. 

The  Lewis  burner  was  in  the  form  of  a  rectanofular 
cylinder  made  of  fine  platinum  wire,  fixed  on  the  extremity 
of  an  open  pipe.  The  mixture  of  gas  and  air  was  burnt 
within  this  platinum  cylinder,  causing  the  incandescence  of 
the  metal.  The  air  supply  to  the  burner  was  under  a 
pressure  of  14in.  of  water.  Advantage  was  taken  of  this 
high  pressure,  and  consequent  great  velocity  of  the  air 
issuing  from  the  nozzle  of  the  burner,  whereby  a  further 
supply  of  air  was  drawn  "  by  induction  "  from  the  external 
air  through  the  lateral  open  pipes. 

The  details  of  the  various  tests,  and  the  quantity  of 
gas  and  air  used  in  each  case,  are  shown  in  the  following 
table : — 


Rayt  from  Burner,  Horizontal, 

Glamond 

Lewis 

(aTertg6). 

(avenge). 

Air  used  in  cubic  feet    41*6    ... 

...     48*1 

Gas  used  in  cubic  feet 7*7    ... 

...     18*4 

niaminating  power       82*7    ... 

...     62*7 

Duty  per  cubic  foot  of  gas 4-26... 

rr  1   1        It       ct      A                T1T1  •!       ii            1                         1 

...      4*68 
•    1.     1 

\VelshacKs  System. — While  the  above  systems  indicated 
the  direction  of  the  path  of  progress,  they  yet  failed  to 
realise  the  full  advantage  now  known  to  be  attainable,  and 
it  was  reserved  for  Dr.  Auer  von  Welsbach  to  introduce  the 
system  now  so  well  known  by  his  name. 

The  first  public  exhibition  of  Dr.  von  Welsbach's  system 
of  incandescent  gas  light  was  made  in  London  in  February, 
1887.  At  that  time  there  were  many  fears  expressed  &s  to 
the  possibility  of  the  new  system  being  successfully  placed 
on  the  market  on  a  commercial  basis  and  for  a  short  time 
the  company  had  a  hard  struggle  to  overcome  the  difficulties 
which  are  always  met  with  by  those  who  introduce  original 
work. 

These,  however,  were  soon  surmounted,  and  the  public  are 
indebted  to  their  untiring  exertions  for  the  benefits  conferred 
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by  such  an  enormous  stride   in  artificial  illumination  by 
means  of  gas. 

The  historical  character  of  this  new  departure  warrants 
rather  more  detailed  description  than  has  been  given  in  the 
present  chapter  to  the  various  methods  of  obtaining  light 
from  gas. 

The  essential  feature  is  the  "  Mantle,"  which  is  woven  of 
Sea  Island  and  Egyptian  cotton,  well  washed  to  remove 
earthy  matter  and  grease.  The  mantle  is  at  fii-st  a  network 
of  cylindrical  shape,  almost  twice  the  size  of  the  finished 
article.  It  is  then  immersed  in  a  solution  of  the  nitrates 
of  thorium  and  cerium  in  the  proportion  of  99  per  cent, 
of  thorium  oxide  and  1  per  cent,  of  cerium  oxide, 
which  gives  to  it  its  luminous  value,  the  solution 
containing  about  14  per  cent,  of  these  salts.  The  excess  of 
solution  is  then  removed  from  the  cotton  by  passing  the 
latter  through  small  wringing  rollers,  the  pressure  of  which 
is  so  regulated  as  to  leave  a  definite  determined  qucmtity  of 
the  solution  in  the  fibres.  The  mantle  is  now  dried  on  a 
mould  in  a  hot-air  chamber.  When  dry  the  mantles  are 
stretched  out  to  uniform  shape  by  hand,  and  then  carried 
to  the  fixing-room,  where  the  top  of  the  impregnated  mantle 
is  fixed  with  a  solution  containing  another  group  of  rare 
earths,  viz.,  lanthanum,  zirconium,  and  traces  of  magnesia, 
the  object  being  to  ensure  the  shrinkage  of  that  end  of  the 
mantle  on  the  asbestos  thread  with  which  it  is  subsequently 
sewn,  to  form  the  thickened  and  supporting  end  of  the  mantle. 
When  dried,  the  mantle  is  sewn  and  trimmed,  and  then 
handed  to  the  ''  burners,"  whose  duty  it  is  to  first  shape  the 
mantle  on  a  wooden  mould,  and  then  to  bum  off  the  cotton 
by  means  of  a  Bunsen  burner  flame,  thus  leaving  a  skeleton 
of  the  cotton  thread  composed  of  the  oxides  of  thorium  and 
cerium.  This  "skeleton"  is  then  heated  from  the  top 
downwards  over  a  high-pressure  Bunsen  burner  for  three 
minutes,  during  which  proce&s  it  gradually  shrinks  to 
almost  half  its  original  size,  and  is  caused  to  take  the 
required  shape.    The  uiaiitle  is  now  finished  and  ready  for 
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use;  but,  as  it  is  too  brittle  for  transit Jt  has  to  be  stiffened. 
This  is  done  by  dipping  it  into  a  solution  of  collodion  and 
camphor,  after  which  it  is  dried  by  hot  air,  and  thence 
passed  to  the  packers  and  trimmers. 

The  extent  to  which  this  industry  has  developed  may  be 
indicated  by  the  fact  that  at  the  Palmer  Street  Works  of  the 
Welsbach  Company  over  40,000  mantles  are  manufactured 
daily,  no  less  than  600  girls  being  employed. 

In  an  interesting  account  of  the  Welsbach  system  read 
by  the  chemist  of  the  company,  Mr.  W.  Mackean,  F.C.S., 
before  the  Society  of  Chemical  Industry,  in  1891,  it  is  shown 
(Table  XLI.)  that  by  altering  the  nature  and  composition  of 
the  fluid  employed  for  impregnating  the  mantles,  the  light 
obtained  can  be  varied  from  an  intense  white  light  to  a 
golden  yellow  or  greenish  colour,  which  differ  to  a  certain 
extent  in  their  diffusive  power,  the  following  mixtures 
giving  the  lights  referred  to : — 


Tabt.r  XIA.— White  Light, 

I. 

Per  oent. 

Zirconium  oxide 

•••         •«•         ••«         ••■         ««•         ••• 

...     40 

Lanthanum  „ 

•••         •••         •••         •••         ••■         ■•■ 

...     40 

Thorium        „ 

•■•                vt*                •••                «•■                •••                ••• 

IL 

...     20 

Zirconium  oxide 

•  ••                 •••                 •••                 •«•                 •99                 ••• 

...     40 

Lanthanum  „ 

•  ••                  •••                 ••*                  ••■                 •••                  ••• 

...     60 

III. 

Yttrium  oxide ...    ...    20 

^  nonuxu     II     ...     ...     ...     ...     ...     ...     ...     ...     Ov 

These  may  be  considerably  altered  without  affecting  the 
colour  of  the  light. 

Table  XLII. — Yellow  Light, 

I. 

Per  cent. 

Lanthanum  oxide 40 

xnonum         n      ... ...     ...     ..•    £0 

Zurconium       1,      ■ 80 

^e^fUXU  ||  ■*.       *•.       ...       ...       t«.       .«.       •••         m 
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ir. 


Peroflot 

Zirconium  oxide     

•  •  • 

...     47 

Lanthanuixi  ^        ...     .^ 

•  •  • 

...     60 

V^CaIUiU                  }|               ...        ...        ...        ...        ... 

•  ■  • 

...       o 

Orange  Light, 
1, 
lianthanuixi  oxide 

•  •  • 

...     40 

Thoriuiii          ,,       

■  •  • 

...     30 

Zirconium       ,,       

■  ■  • 

...     27 

Didymium       „ 


•••    ■••    •••    •••    «•■    •••    ••• 


II. 
Lanthanum  oxide 50 

aL  jlxsJx^  mil  ■•        «■•      •••      •«•      •••      ••■      •••      ■••      «!w 

Niobium         i, 10 

Oreen  Light, 

Thorium    oxide      50 

Lanthanum  ,,        20 

J-jrOlUXU  }|  ...        ...        ...        ...        ...        ...        ...        ij\J 

According  to  Mr.  MacKean,  any  other  oxides  may  be 
employed  in  the  compositions,  but  the  presence  of  some> 
such  as  alumina  and  magnesia,  are  very  detrimental  to  the 
duration  of  the  illuminating  power. 

The  mantle  is  used  by  suspending  it  over  a  Bunsen 
bunier  in  which  the  air  and  gas  are  mixed  before  arriving 
at  the  point  of  ignition,  so  that  there  is  a  complete  absence 
of  the  ordinary  white  flame,  in  place  of  which  the  metallic 
oxides  of  which  the  mantle  is  composed  become  heated 
to  incandescence,  and  yield  the  brilliant  light  now  so  well 
known. 

At  the  time  of  the  introduction  of  the  Welsbach  system 
in  1887.  the  company  obtained  a  duty  from  ordinary  16- 
candle  gas  of  about  10  candles.  Their  1893  burner  in- 
creased this  to  about  17  candles,  whilst  the  latest  form — 
the  1898  pattern — is  claimed  to  yield  a  duty  of  no  less  than 
27  candles  of  light  per  cubic  foot  of  gas  consumed,  and  this 
^v^n  with  such  a  low  consumption,  in  the  cas^  of  thw 
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smallest-sized  burner,  of  no  more  than  J  cubic  foot  per  hour. 
ThU  is  tnily  a  marvellous  development,  and   when   con- 
sidered in  relation  to  the  best  results   obtainable   at   the 
time  of  the  Crj-stal  Palace  Exhibition  of  l«S2-83  shows  the 
wonderful  advance   which   has   been  made  since  then,  an 
advance   which  promises  to  be  paralleled  in  the  case  of  the 
incandescent  electric  light;   as,  by  the  application  of  tlio 
same  principles,  viz.,  the  incandescence 
of    these    rare   metals   and    metallic 
oxides,  there  is  every  reason  to  antici- 
pate some  early  pronouncement  of  an 
equally  startling  character. 

Wehbach  G  Burner  (Fig.  97).— 
The  introduction  of  the  improved 
Welsbach  mantle  in  ISOS,  and  this 
burner,  placed  gas  in  a  position  un- 
approachable by  its  competitors  as  a 
cheap  illuminant  for  both  indoor  and 
outdoor  lighting,  This  burner  is  now 
so  well  known  that  any  detailed 
description  of  it  would  bo  siipei-fluous 
but  it  might  b^  mentioned  that  the 
L:ssential  parts  of  the  burner  consi.st 
of  the  gallery  or  upper  part,  which 
carries  the  mantle,  rod,  and  chimney; 
the  Bunson  tube ;  and  the  nipple  with 
five  holes  for  the  gas  inlet.  Some 
millions  of  these  burners  are  now  in 
use,  and  until  the  introduction  of  the 
Kem  burner,  described  below,  this 
was  undoubtedly  the  most  economical 

and  effective  means  of  public  lighting.  The  burner  gives  an 
average  of  60  candles  with  a  gas  consumption  of  3i  cubic 
feet  per  hour.  In  1897  close  on  2000  of  these  burners  were 
already  installed  in  the  streets  of  Liverpool  for  public  lighting, 
and  now  the  number  has  been  increased  to  over  10,000,  and 
Liverpool  can  truly  claim  to  be  one  of  the  best  lighted 
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cities  in  Europe.  Cluster  lamps  of  four  burners  are  used 
at  important  junctions,  and  in  the  main  streets  double 
burners.  In  Liverpool,  electricity  is  supplied  by  the  Cor- 
poration's own  works  at  2d.  per  unit  for  public  lighting ; 
but  notwithstanding  this  low  charge,  it  is  still  found  that 
the  streets  can  be  lighted  more  efiectively  and  economically 
by  the  use  of  Welsbach  burners  and  gas  at  2s.  6d.  per  1000. 
Mr.  C.  R.  Bellamy,  Lighting  Engineer  to  the  Corporation, 
has  given  the  following  table  of  comparison  of  costs,  taking 
the  Liverpool  charges  for  gas  and  electricity,  and  assuming 
lamps  to  be  50  yards  apart : — 

Per  mile. 
£     ■.     d. 

By  electricity    546    8    9 

By  double  Welsbach  burners 187    0    0 

By  single  Welsbach  burners 89  10    0 

Ramsgate,  Ipswich,  and  Winchester  are  other  towns 
which  were  early  in  availing  themselves  of  the  advantages 
of  the  Welsbach  system  for  public  lighting. 

Welsbach  Kern  Burner  (Fig.  98). — The  introduction  of 
the  W^elsbach  Kern  burner  in  1.S98  greatly  strengthened  the 
position  of  the  Welsbach  Company  and  the  gas  companies 
throughout  the  country  in  their  public  lighting.  As  com- 
pared with  the  C  burner,  the  Kern  has  the  following 
advantages : — 

(1)  A  lighting  efficiency  of  25  to  30  candles  per  cubic 
foot  of  gas,  compared  with  16  to  18  candles  from  the  C 
burner. 

(2)  The  burner  can  be  supplied  in  a  variety  of  sizes,  but 
in  whatever  size  a  lighting  efficiency  of  25  to  30  candles 
per  foot  of  gas  remains  constant. 

(3)  The  consumption  of  more  gas  results  in  more  light, 
and  not  a  diminution  beyond  a  certain  point,  as  is  the  case 
with  the  C  burner. 

(4)  No  chimney  being  necessary,  a  fruitful  source  of 
destruction  of  mantles  is  obviated. 

The  Kern  burner  is  the  invention  of  Ottmar  Kern,  and  is 
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patented  in  this  countiy  under  No.   294,  1897,  &c.     The 
specification  states  that  the  object  of  the  invention  is  "  to 
produce  a  burner  that  shall  raise  the  refractory  mantle  or 
hood  to  a  higher  degree  of  ineandeacence  than  has  hitherto 
been  accomplished  with  the  same  amount  of  illuminating  ga'3, 
and  at  the  ordinary  pressures  at  -which  gas  is  usually  sup- 
plied, and   this  without  the  use  of  any  artificial  draught, 
such  as  is  ordinarily  produced  by 
glass  chimneys  and  aometimes  by 
mechanical    blowers."     This    high 
incandescence  is  obtained  "  by  con- 
structing a  burner   in  which   the 
admission  of  air  to  the  gas  is  so 
adjusted  that,  in  the  mixture  ob- 
tained, the  amounts  of  oxygen  and 
hydrocarbon  gas  are,  practically,  in 
the    proportion    of    the    chemical 
equivalents    of    these    two   gases; 
thereby  the  mixture  becomas  self- 
burning — that  is  to  say,  it  will  burn 
in  aclased  chamber  from  which  the 
external    air     is     excluded.     This 
self-burning    mixture    in,    by    my 
improved   burner,   caused   to  issue 
from  the  burner  tip  under  greater 
pressure   than   with    an    ordinary 
Bunsen  burner  (of   the  gas-distri- 
buting system),   and   with  greater 
speed  than   that   with   which    the 
flame  can  propagate  itself  through 

the  mixture ;  whereby  the  ilame  is  prevented  from  burning 
backwards,  and  is  thus  steadily  maintained  above  the  exit 
opening  of  the  burner  tip.  Within  the  fiame  of  such  self- 
burning  mixture  there  is  a  zone  of  superior  incamlescence, 
which  zone  I  call  the  hyper-incandescent  zone,  which  is  very 
much  hotter  than  the  rest  of  the  flame.  My  burner  is  so 
arranged   that  the  refractory  filament,  or  mantle  of   fila- 

,2 
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ments,  is  exceedin(:;ly  close  to,  or  immersed  in,  tliis  hyper- 
incajidoscent  zone,  wliereby  the  filament,  or  mantle  of 
filanientM,  also  becomes  liyiwr- in  candescent,  and  thus 
furnishes,  with  the  same  consumption  of  gas.a  more  intense, 
light,  or  the  same  amount  of  light  with  a  less  consumption 
of  gas."  This  ideal  mixture  is  obtained  by  constructing  a 
burner  on  the  following  lines:^ — The  Bunsen  tube  is  com- 
posed of  two  cones,  the  lower  cone  being  the  shorter  of  the 
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two  (in  the  Kern  burner  as  manufactured  now  the  tube  is 
a  hyperbolic  spindle),  and  this  arrangement  increases  the 
quantity  of  air  forced  through  the  pipe,  and  produces  "a 
more  thorough  mixture  of  air  and  gas,  and  at  the  same  time 
delivers  the  mixture  at  a  much  higher  pressure  than  the 
ordinary  Bunsen  burner  does."  The  inventor  calls  the 
lower  cone  "the  mixing  cone,"  and  the  upper  cone  "the 
suction  cone."  The  head  of  the  burner  is  conical,  and  also 
consists  of  an  inner  perforated  cone  which  supports  at  the 
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top  a  tootlieJ  disc,  the  tcctli  of  which  partially  close  the 
space  between  the  two  cones,  and  thus  take  the  place  of 
the  wire  gauze  in  an  oixlinary  Bunsen  type  burner.     The 
inner  cone    assists  in   mixing  the 
gas  and   air,  and   also  in   heating 
the  mixture  to  a  certain  tempera- 
ture before  arriving  at  the  point  of 
ignition. 

The  thre^  sizes  of  Kern  burners 
most  used  for  public  lighting  are 
those  known  as  the  Nos.  2,  3,  and 
4,  which,  with  a  gas  consumption 
of  21,  3,  and  4  cubic  feet,  give  50, 
73,  and  100  candle-power  respec- 
tively. In  South  London  alone 
between  Jifteon  and  twenty  thou- 
sand of   these   burners  liave   been 

fixed  in  the  streets  during  the  last 

year  or  two  with  most  satisfactory 

results.     Owing  to  the  economy  in 

gas  which  is  able:  to  be  effected  by 

the  use  of  this  burner,  Mr.  George 

Livesey,  of  the  South  Metropolitan 

Gas    Company,   has   been   able   to 

offer   free   of    cost   new  lamps  for 

old  to  the  districts  which  liis  com- 
pany supplies. 

The  alleged  trouble  with  mantles 

has  sometimes  been  a  point  brought 

against   the   use  of    the  Welsbach 

»ysteu\   for  public  lighting.     It  is 

DO  doubt  ti-ue  that  care  must  be 

used  with   mantles,  but    this    has  ^     '"''■  ""■ 

Burnsr  Compl«ts. 

always      been      impressed      upon 

lighting  authorities ;  and  for  the  best  results  to  be  obtained, 
it  is  essential  that  there  should  lie  an  intelligent  under- 
standing  of  the   principle   of   the   ay.stcin   in   making   an 
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installation,    and     that    a     suitable    lantern     should     be 
employed. 

Welsliach  Kern  H igh-presaurc  Burner. — Figs,  99  to  104 
show  the  Kern  burner  in  its  modified  form  for  high-pressure 
lighting.  A  special  point  about  this  burner  is  the  easy 
way  in  M'hich  the  top  can  be  removed,  without  in  any  way 
disturbing  the  mantle,  for  the  purposes  of  inspection  and 
cleaning.  The  outer  cone,  instead  of  being  screwed  on,  is 
iixed  by  means  of  a  three-clamp  fastening,  as  shown 
in  the  illustration  of   the  separate   parts   of   the   burner. 


FlE-  102  -Outilde  Cone.     Pig,  lOa-Bunten  Tube.     FIk-  104.— Inner  Cone. 

This  method  of  iitting  has  the  advantage  that,  by  a  single 
turn  of  the  hand,  the  upper  part  of  the  burner,  with  mantle 
and  rod  complete,  can  be  lifted  away  from  the  Bunsen 
tube.  The  burner  works  at  from  Sin.  to  lOin.  water- 
pressure,  and  gives  from  30  to  35  candles  per  cubic  foot  of 
gas,  so  that  with  a  consumption  of  about  10  cubic  feet  per 
hour  3o0  candle-power  is  obtained.  The  fact  that  these 
burners  can  l>c  used  either  singly  or  in  clusters,  is  a  very 
strong  point  in  their  favour  for  public  lighting,  compared 
with  an  electric  arc  lamp,  for  by  this  means  a  much  more 
even   distribution  of  light  can   be  obtained  than  from  a 
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single  point,  as  is  the  case  when  electricity  is  used.  These 
burnei's  were  used  in  lighting  the  grounds  of  the  Glasgow 
International  Exhibition. 

The  Wehbach  Self-intensifying  Burner  (Fig.  105). — 
This,  the  latest  burner  brought  out  by  the  Welsbach 
Company,  is  the  invention  of  Messrs.  Brett  and 
Henneberger,  the  Company's  engineers,  and  marks  an 
important  advance  in  high  -  power  incandescent  gas 
lighting,  which  should  prove  of  the  greatest  assistance  to 
gas  companies  in  competing  with  electricity.  It  has  an 
efficiency  of  between  cO  to  40  per  cent,  in  advance  of  the 
best  results  hitheiio  obtained  at  low  pressure.  The  burner 
is  designed  to  burn  about  10  cubic  feet  of  gas  per  hour  at 
ordinary  pressure,  and  to  give  a  light  of  300  candles.  This 
result  has  been  obtained  by  some  slight,  yet  important, 
modifications  of  the  Kern  burner,  and  by  the  addition  of  a 
metal  chimney,  which  enables  the  right  quantity  of  air 
to  be  drawn  in  to  efiect  complete  combustion.  A  glass 
cylinder  about  4Jin.  long  is  suspended  at  the  lower  end  cf 
the  metal  chimney  by  means  of  a  simple  bayonet  joint,  and 
surrounds  and  protects  the  mantle.  In  the  case  of  the  self- 
intensifying  burner,  because  it  works  from  ordinary  main 
pressure — say,  from  15-lOths  to  30-lOths — neither  com- 
pressing plant  nor  high-pressure  mains  are  necessary,  and 
consequently  no  pulling  up  of  the  roads  is  involved  in  its 
installation. 

As  might  be  expected,  the  success  of  the  Welsbach  sys- 
tem has  brought  many  rivals  into  the  field,  the  most 
prominent  of  which  is  the  Sunlight  Incandescent  Company, 
whose  first  mantles  gave  a  light  of  a  so-called  "  golden  " 
colour.  These  two  companies  have  now  amalgamated,  the 
Sunlight  Company  being  under  licence  by  the  Welsbach 
Company.  The  "  Sunlight  Incandescent  Mantle  Company  " 
has  recently  introduced  a  modification  in  the  manufacture 
of  the  mantles  with  good  results. 

One  of  the  most  important  developments  of  the  Welsbach 
system  is  the  use  of  the  gas  at  a  high  pressure,  when  the 
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intensity  of  the  light  yielded  by  the  mantle  is  largely 
increased.  This  fact  has  been  utilised  by  the  Intensified  Gas 
Light  Company,  Limited,  who,  under  the  Somz^e-Greyson 
patents,  are  introducing  their  high-pressure  system  of 
intensified  gas  lighting,  a  system  which  has  been  worked 
out  by  Mr.  Leon  Somz^e  and  Mr.  Greyson  de  Schodt,  of 
Belgium. 

Practically  the  appliances  for  producing  high-power  gas 
light,  according  to  the  Somz^e-Oreyson  system,  consist  of 
three  essential  parts,  viz.: — The  burner,  the  mantle,  and  the 
gas  compressor. 

The  burner  is  composed  of  a  gas  injector,  a'mixing  cham- 
ber, and  a  burner  top  and  mantle  holder  combined,  which 
are  so  arranged  that,  automatically,  the  exact  proportion  of 
air  is  drawn  in,  and  intimately  mixed  with  the  gas  flowing 
out  of  the  injector,  so  that  at  some  distance  from  the  top  of 
the  burner  a  flamo  of  very  high  temperature  is  obtained, 
which,  by  a  wire  gauze  that  never  gets  red-hot,  is  absolutely 
prevented  from  firing  back. 

As  the  quantity  of  air  drawn  in  is  always  proportionate 
to  the  amount  of  gas  supplied  by  the  injector,  the  heat, 
and  therefore  the  light,  is  proportionate  to  the  varying  con- 
sumption. 

The  mantle  (Fig.  106),  which  is  manufactured  specially 
for  the  Intensified  Gas  Light  Company  by  the  Welsbach 
Incandescent  Company,  gives  an  intensely  brilliant  light, 
and  is  used  "without  a  chimney.  This  allows  the  burners 
to  be  arranged  in  groups,  and  at  the  same  time  does  away 
with  an  important  cause  of  loss  of  light  and  breakage  of 
mantles. 

The  gas  compressor  is  a  small  apparatus  for  increasing 
the  pressure  of  the  gas.  It  is  placed  on  the  house  side  of 
the  meter  at  the  entrance  end  of  the  service  pipe,  and  is  of 
very  small  power  and  dimensions.  It  may  be  driven  by 
w^ater  from  the  water  supply  pipe,  or  by  any  other  small 
mechanical  power  available.  The  pressure  of  gas  is  raised 
to  a  maximum  of  9in.  water  gauge,  so  that  the  existing  gas 
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service  pipes  and  fittings  can  be  used.  The  motive  power 
required  for  working  the  apparatus  is  insignificant,  and  the 
cost,  if  driven  by  the  ordinary  water  service,  only  amounts. 
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the  company  claim,  to  at  the  utmost  one  penny  per  1000 
cubic  feet  of  gas  consumed. 

Table  XLIII.,  issued  by  the  patentees,  gives  a  comparison 
of  the  illuminating  power  and  cost  of  the  intensified 
system,  with  electric,  incandescent,  and  arc  lamps,  fishtail 
gas  burner,  Argand  burner,  regenerative  buraer,  and 
Welsbach  incandescent  "  C  "  burner,  taking  gas  at  3c..  per 
1000  cubic  feet  :— 

Table  XLIII. 


lUaminating 

Consumption 

• 
Ob 

Cost  per 

Description  of  light. 

power, 
standard 

per  hour 
in 

1 

1000  candles 
per  hour 

candles. 

cubic  feet. 

S 

in  pence. 

Electric  incandescent  light 

15 

0  •  26d.    per 
hour. 

15-2 

Electric  arc  lamps  at  6d. 

per  unit 

30 

Fishtail  burner 

15 

5 

— 

^  12-5 
\    to 
J  22-5 

Argand  burner 

1         25 

8-8 

^— 

Regenerative  burner 

430 

81- 

31 

Welsbach    incandescent 

**C"  burner   

60 

3-5 

0-8 

8-3 

Intensified 

275 

1 

10- 

0-2 

1-6 

To  make  the  foregoing  comparison  still  clearer,  the 
makers  append  the  following  table,  showing  the  consump- 
tion for  a  year  of  16  candle-power  gas,  giving  a  light  of 
4000  candles  by  the  intensified  system,  as  compared  with 
the  ordinary  fishtail  and  Welsbach  "  C  "  burners  : — 


Consumption  in 

Cost,  taking 

'  burners. 

Sjfstem. 

lOOO's  of 

gas  at  3e.  per 

cubic  feet. 

1000  cubic  feet. 
£      8.    d. 

267     ...     . 

..    Fishtail 

2436 

365     8    0 

oU     ...      • 

..    Welsbach  "C" 
burner 

511 

76  13     0 

u\  ...    . 

..     Intensified 

•  •  •          ^oo        ... 

39  15    0 
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Fig.  107,— Water  Pr«*>ur 
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Messrs.  Sugg  and  Co.*s  System  of  High  and  Low-pressure 
Incandescent  Lighting  by  Gas. — (1)  This  system  depends  on 
the  raising  of  the  pressure  of  gas  as  it  is  supplied  in  the  street 
mains  from  about  2in.  to  lOin.  at  the  foot  of  the  governor  of 
the  burner  in  the  street  or  other  lamps.  The  pressure  increaser 
worked  by  water  power,  as  will  be  seen  by  Figs.  107  and 
108,  consists  of  a  hydraulic  ram  actuating  the  piston  of  a  gas 
pump,  which  alternately  sucks  in  and  expels  the  gas  under  a 
pressure  of  12in.    The  gas  under  this  pressure  passes  into  a 
cylinder  of  a  capacity  considerably  greater  than  the  capacity 
of  the  pump.     This  cylinder  neutralises  the  shock  of  the 
ram  when  the  stroke  changes  from  the  up  stroke  to  the 
down  stroke  and  vice  versd.     On  the  top  of  this  cylinder  is 
fixed  a  governor  consisting  of  a  strong  leathern  gasholder, 
which  has  a  stroke  of  about  *3in.,  and  actuates  a  lever,  which 
opens  or  closes  the  valve  through  which  the  supply  of  water 
to  the  ram  flows,  and  reduces  the  flow  of  the  water  when  it 
exceeds  lOin.  or  12in.,  the  pressure  at  which  the  gas  may  be 
required  to  be  raised,  according  to  circumstances.     The  gas- 
holder of  the  governor  is  lifted  by  the  pressure  of  the  gas  in 
the  cylinder,  which  passes  through  a  small  opening  between 
the  cylinder  of  the  gasholder  to  the  governor,  so  as  not  to 
caase  any  sudden  raising  or  falling  of  the  holder.     By  this 
means  nearly  a  constant  pressure  is  maintained,  and  from 
the  outlet  of  the  cylinder    the  gas  passes  to  a  governor 
sufficient  to  supply  the  number  of  lights  the  apparatus  is 
made  for,  and  maintain   the  pressure   constantly  without 
variation,  no  matter  whether  there  are  only  one  or  two 
lights  on,  or  the  full  number. 

(2)  Sugg's  Steam-pressure  Increaser  is  worked  by  steam 
at  a  pressure  of  from  15  lb.  to  20  lb.,  according  to  the 
number  of  lights  on  the  apparatus.  The  number  of  lights 
worked  by  an  apparatus  3ft.  9in.  long,  3ft.  3in. 
high,  and  2ft.  deep,  is  300,  each  consuming  10ft.  of  gas  per 
hour,  and  giving  a  light  of  more  than  300  candles,  so  that 
the  entire  volume  of  light  it  is  capable  of  giving  at  full 
speed    is  90,000  candles.      Of    course,  smaller   sizes    can 
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be  made.  Figs.  109  and  110  show  the  appamtus, 
whicli  is  composed  of  a  double-cylinder  steam  engine 
Avorking  a  gas  pump.  The  speed  of  the  engine  is  controlled 
in  the  same  way  as  the  water  engine,  by  a  regulator,  which 
is  worked  by  the  pressure  of  gas  coming  from  a  receiver 
shown  under  the  bench,  which  serves  as  a  gasholder  or 
reservoir  of  gas  ;  and,  as  in  the  water  apparatus,  prevents 
the  shock  of  the  gas  when  released  from  each  end  of  the 
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Fig.  112— €8in.  Lambeth  Lamp. 


cylinder  of  the  gas  pump  from  aflccting  the  lights,  which  is 
finally  controlled  by  a  governor  on  the  main  service,  or  at 
different  points  where  the  burners  are  in  use. 

Another  apparatus  is  made  by  the  same  firm,  which  is 
driven  by  a  band  from  the  shafting  of  the  machinery  in  a 
workshop  or  by  a  gas  engine,  and  which  will  supply  from 
50  to  150  lights,  according  to  the  speed  of  the  shafting  and 
the  size  of  the  workshop  or  premises  which  it  is  to  liglit 
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From  the  pressure-increasing  apparatus  the  gas  passes  into 
the  service  which  supplies  the  burners  or  lamps. 

Hiyk-pi'essure  Uti-eet  Lamp. — Fig,  111  represent  one  of 
Ulessrs.  Sugg'fi  patent  "Victoria"  lamps,  with  one  10ft. 
burner  in  it,  giving  a  light  of  300  candles  nominal. 

Fig.  112  shows  one  of  Messrs.  Sugg's  patent  "  Lambeth" 
lamps,  fitted  with  two  burners,  and  giving  a  light  of  COO 
candles  nominal. 


rXt,  na.-44in.  Lambtlh  Lamp. 

Fig.  113  is  another  "Lambeth"  lamp,  constructed 
to  cany  a  cluster  of  three  of  their  burners,  and  giving  a 
light  of  1000  candle-power  nominal. 

Sugg's  patent  "Windsor"  lamp  is  shown  in  Fig.  114, 
and  is  the  latest  development  in  low-pressure  incan- 
descent lighting.  It  has  been  adopted  for  the  lighting  of 
the  Cftstle  and  the  Home  Fark,  Windsor,  the  grounds  of 
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Buckingham  Palace,  and  by  H.M.  Commissioners  of 
Woods  and  Forests  for  lighting  Regent's  Park;  by  the 
Borough  of  Hampstead;  by  the  South  Metropolitan  Gas 
Company  for  public  lighting ;  and  a  number  of  towas  in 
the  provinces. 

The  ventilation  of  this  lamp  has  been  very  carefully 
studied,  and  in  consequence  of  the  improvements  effected,  it 


Fig.  115.— 16in.  South  London  Lamp 

enables  the  incandescent  burner  to  produce  a  much  higher 
result  per  cubic  foot  of  gas  consumed  in  the  lamp  than  the 
burner  does  out  of  it,  and  the  mantles,  being  better  protected 
from  draught  and  supplied  with  warm  air,  will  last  longer, 
it  is  claimed,  than  in  any  other  lamp. 

The  South  London  lamp,  Fig.  115,  is  a  lamp  designed 
especially     for     the     lighting     of     the     public     streets 
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and  roads  in  the  South  Metropolitan  Company's  district. 
There  is  a  special  arrangement  in  this  lamp,  which  is 
patented  by  the  South  Metropolitan  Gas  Company,  by 
which  the  objectionable  obstruction  of  the  light  by  the  bars 
of  the  lamp,  which  generally  cast  a  shadow  across  the  road, 
is  avoided  by  a  very  simple  aiTangement  of  the  glass,  with 
the  effect  of  throwing  the  shadows  obliquely  on  to  the 
footway,  thus  securing  uninterrupted  illumination  of  the 
roadway. 

This  system  of  lighting  is  of  great  brilliancy,  whiteness, 
steadiness,  and  volume,  and  therefore  well  diffused.  In 
Whitehall  there  are  ten  1000-candle  "Westminster"  lamps, 
whilst  all  the  refuges  from  the  Church  of  St.  Mary-le- 
Strand  up  to  the  City  Boundary  are  lighted  with  1000- 
candle  "Westminster"  lamps.  Ludgate  Circus  is  also 
lighted  with  six  1000-candle  "  Lambeth  "  lamps  with  a  new 
kind  of  reflector.  Blackfriars  Bridge  approach  is  lighted 
by  two  1000-candle  **  Lambeth  "  lamps  of  the  same  pattern 
as  those  used  at  Ludgate  Circus.  Tower  Bridge,  South- 
wark  Bridge,  Blackfriars  Bridge  are  all  lighted  with  lamps 
with  one  10ft.  burner,  high-pressure  gas,  which  gives  300 
candles  nominal  light.  The  high-pressure  lighting  has 
proved  a  great  success  in  this  country,  and  has  been  largely 
introduced  abroad,  it  being  particularly  suitable  for  railways, 
docks,  shops,  harbour  ports,  gasworks. 

Fig.  116  illustrates  one  of  Messrs.  Suggs  high-pressure 
incandescent  burners,  to  burn  10ft.  an  hour  and  give  a  light 
of  300  candles  nominal,  with  a  pressure  of  9^in.,  under  the 
inlet  of  the  burner.  By  increasing  the  pressure  under  the 
burner  to  14in.,  and  consequently  the  consumption  to 
12^ft.,  the  illuminating  power  given  by  the  burner  is  400 
candles  nominal  instead  of  300.  It  is  remarkable  that  this 
extra  consumption  of  2  Jft.  per  hour  adds  to  the  light  given  by 
the  burner  as  much  as  40  candles  per  cubic  foot  of  gas 
consumed.  The  top  of  the  burner  upon  which  the  gas  is 
consumed,  and  the  nipple  at  the  bottom  of  the  burner 
which  regulates  the  quantity  of  gas  supplied  to  the  burner^ 
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are  made  in  steatite  ;  consequently  both  are  unalterable  by 
damp  or  rust  or  the  heat  of  the  combustion  of  the  gas. 
Each  burner  is  also  provided  with  an  anti- vibrator  spring, 
which  prevents  vibration  of  traffic  from  breaking  the 
mantles.  The  burner  is  also  made  so  that  in  case  of  stop- 
page in  the  service  pipe  or  the  lamp  by  napthalene,  the  top 
part  of  the  burner  and  the  mantle  can  be  lifted  off  and  put 
down  in  the  corner  of  the  lantern  whilst  the  service  is  being 


Tig.  116.— High-prttture  Incandesctnt 
Burner. 


Fig.  117*— Low-pressure  Incandescent 
Burner. 


blown  out,  and  can  be  replaced  without  doing  any  damage 
to  the  mantle.  There  is  a  governor  for  this  burner,  to  be 
used  for  public  lighting  when  no  meter  is  fixed,  to 
regulate  the  quantity  of  gas  and  maintain  it  at  10ft.,  or 
other  quantity  contracted  for.  In  workshops  where  one 
pressure-increasing  engine  supplies  different  floors,  the  same 
pattern  governor  is  used  to  keep  the  diflTerent  floors  at  a 
constant  consumption. 

The  smaller  burners  for  low-pressure  street  lighting  are 
illustrated  by  Fig.  117.    They  consume  3|ft.,  4ft.,  and  oft 
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per  hour,  giviDg  each  i-espectively,  the  first  50  candles,  the 
second  70  to  80  candles,  and  the  third  110  to  120  candles, 
according  to  the  quality  of  the  mantles. 

Messrs.  Sugg  and  Co,  lay  great  stress  upon  the  construc- 
tion of  the  burners,  which  are  cast  in  yellow  bronze,  no 
stamp  work  of  any  kind  being  used,  hence  the  perforations 
for  the  air  will  always  remain  free  and  open,  ensuring  the 
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satisfactory  working  of  the  burnciij  at  all  times,  and  prevent- 
ing the  rotting  of  the  brass  by  the  action  of  the  air  of 
towns  or  the  salt  of  the  sea. 

Messrs.  Sugg  and  Co.'s  adaptation  of  the  incandescent 
mantle  sy.stem  of  illumination  to  douicstic  use  is  illustrated 
by  Fig,  118,  These  burners  are  arranged  to  take  the  well- 
known  "  Christiania  "  globe.  No.  3  size  burner  affords  a 
light  equal  to  65  candles,  and  No.  4  equal  to  120  candles. 
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CHAPTER  XIII. 

SELF-INTENSIFYINQ   GAS  PRESSURE. 

Tlie  Lticas  Incandescent  Intensive  Gas  Lamp. — Fig.  119 
sliows  tlie  Luca.s  principle.  The  lamp  from  the  base  of  the 
burner  to  the  top  of  the  extending  chimney  is  a  continuous 
cylinder.     The  burner  is  Tin.  in  length  and  the  air  chamber 


is  about  IJin.  in  iliaineter.  The  mantle,  which  is  litted 
over  the  t.ip  of  tlic  Iniriier,  is  about  liiin.  in  length,  and  is 
sUMpendeil  by  a  nickel  wire  rod.  The  globe  which  surrounds 
the  mantle  le.sts  on  a  suspended  ring  at  the  top  of  the 
burner,  and  fits  in  a  flange  at  the  lower  end  of  the  extended 
chimney, 
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As  soon  as  the  gas  is  turned  on  and  is  ignited  by  the 
by-pass,  the  air  in  the  globe  becomes  heated,  and  has  a 
tendency  to  rush  up  through  the  metal  chimney,  thus 
causing  an  induction  of  air  at  the  base  of  the  burner,  which, 
mixing  with  the  gas  supply,  passes  through  the  mantle,  so 
that  all  of  the  gas  and  all  the  air  introduced  at  the  base 
of  the  burner  is  forced  through  the  mantle. 

The  gas  consumption  is  stated  to  be  17 J  cubic  feet.  The 
lamp  is  so  constructed  that  this  rate  of  consump- 
tion, with  the  air  admitted  to  the  lamp,  gives  the 
most  perfect  combustion.  In  cases  where  the  pressure  of 
the  gas  is  above  IJin.,  it  is  found  necessary  to  use  a 
regulator  in  order  to  restrict  the  flow  of  gas ;  and  where 
the  pressure  is  below  IJin.,  the  gas  is  regulated  to  the 
burner  by  the  apertures  of  the  nipple. 

Scott  Snell  System. — The  following  account  of  Mr.  C. 
Scott  Snells  system  of  self-intensifying  gas  pressure  is 
abstracted  from  the  "  Proceedings "  of  the  Incorporated 
Gas  Institute,  the  blocks  of  illustrations  being  inserted  by 
the  kind  permission  of  the  Council : — 

The  necessity  for  means  of  attaining  pressure  in  the 
lamp  itself  was  recognised  soon  after  taking  up  the  study 
of  intensified  gas  lighting.  The  compressor  system  involved 
a  })lant  or  equipment,  and  therefore  caused  an  initial  outlay 
which  necessarily  limited  its  sphere  of  application.  Upon 
considering  the  selection  of  a  force  available  to  operate  any 
intensifying  appliance,  waste  heat  was  certainly  obvious, 
and  possessed  the  advantage  of  being  free  of  cost ; 
while  neither  drought  nor  frost  would  efTcct  its 
efficiency. 

An  appliance  was  required  which  should  receive  gas  at 
normal  pressure  and  deliver  it  at  an  increased  pressure  of 
Sin.  of  water  or  more.  (1)  It  must  be  operated  by  waste 
heat.  (2)  It  must  require  no  lubrication.  (:J)  It  must  not 
have  a  dead  centre.  (4)  No  fly-wheel,  slide  valves,  con- 
necting-rods, packed  glands,  or  friction-producing  appliances 
must  be  included.     (5)  It  must  be  self-controlling.    (6)  Its 
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cost  must  be  low,     (7)  It  must  be  simple  in  construction 
ami  easily  atljusted. 

Ml'.  Scott  Snell  concluded  that  an  inveation  using  heat 
as  a  motive  power  was  bound  to  include  a  displacer  move- 
ment, as  in  every  hot-air  engine;  and  where  two  different 
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pressures  of  gas  were  necessarily  involved  (a  low  inlet 
pressure  and  a  high  outlet  pressure),,  check  valves  were 
Lssintial  It  was  easj  to  see  that  bj  thi.  mo\cmt,nt'*  of  a 
di'-placcr  within  a  \  tssel  heated  at  one  end  and  cooled  at 
tliL  other  gas  or  air  could  bt  drai^n  in  at  one  check,  lalve 
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and  ejected  at  the  other,  provided  some  practicable  agency 
could  be  found  to  operate  the  displacer. 

The  conditions  under  which  the  apparatus  oper&tea  are  as 
follows  : — The  ves.sel  is  charged  with  g&a,  one-half  of  which 
(the  upper)  is  at  a  moderate  temperature — say  80'  Fab. 
— the  lower  half  being  perhaps  at  500   Fah. 
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Fig.  120  shows  a  displacer  chamber  viewed  when  gas 
is  going  through,  but  no  heat  applied ;  the  displacer  move- 
ment therefore  produces  no  effect  on  the  gas.  Fig.  121 
shows  the  displacer  at  mid-stroke.  Figs.  122  and  123,  with 
the  notes  appended,  illustrate  the  conditions  which  follow 


Fig.  122. 

Displacer  raiwd,  gas  tratiffcrrod  to  hoi  section.    Sx^anuion  closes  yalve  A,  and  drives 

gas  out  at  B. 

the  movement  after  heat  is  applied.  Fig.  125  illus- 
trates essentially  the  conditions  which  obtain  when  a 
diaphragm  is  attached  to  the  displacer  rod  and  made 
responsive  to  the  variations  in  pressure  in  the  chamber. 


Fig.  123. 

Displacer  depressed,  gas  all  transferred  to  ould  Mcction.    Contraction  causes  pcjtial 
vacuum,  gas  rushes  in  at  A,  whllo  1)  is  closed  by  back -pressure. 

With  the  construction  shown  in  Fig.  ]24  the  action 
may  be  readily  followed.  For  clearness,  let  it  be 
assumed  that  the  displacer  is  slightly,  yet  quickly, 
lifted.  It  follows  that  a  quantity  of  cold  gas  is  added  to 
the  heated  section  and  caused  to  expand.    Such  expansion 
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stops  the  inflow  from  the  gas  supply,  by  reason  of  the  rise 
of  presBurc  acting  on,  and  closing,  the  inlet  valve  ;  it  also 
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caaseis  a  hlowout  through  Ihu  outlet  valvL'.  Mc«t  im- 
portant of  all,  its  effect  i»  felt  on  the  tliaphragm,  which, 
hy  its  consequent  movement,  still  further  lifts  the  ilifiplacer, 
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and  drives  more  cold  gas  down  to  the  hot  side.  This, 
therefore,  by  expanding,  causes  the  initial  lifting  power  to 
be  reinforced,  until  a  full  stroke  or  travel  is  attained.  As 
the  gas,  after  passing  the  outlet  valve,  goes  to  the  pinhole 
in  the  nipple,  the  rate  of  discharge  to  the  atmosphera  is 
comparatively  limited,  and  pressure  therefore  increases 
rapidly  in  the  intervening  pipe  and  reservoir. 

At  the  beginning  of   the    upward    motion   of  the   dis- 
placcr,  the  spring  to  which  it  is  attached  counterbalances 
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Fig.  125. 

gravity,  but  towards  the  end  of  the  upward  stroke  the 
spring  has  ceased  to  do  so  to  any  great  extent.  A  point  is 
therefore  reached  where  the  loss  of  assistance  from  the 
spring  allows  gravity  to  assert  itself  until  it  exactly  equals 
the  lifting  power  on  the  diaphragm.  This  would  mean 
stoppage  of  further  movement,  and  be  ecjuivalent  to  a 
"  dead  centre ; "  but  the  momentum  of  the  displacer  coming 
into  play  causes  the  travel  to  extend  beyond  such  a  critical 
counterbalancing  position.     At  this   point  the   peculiarity 
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of  the  diaphragm  has  to  be  considered.  It  was  in  a  posi- 
tion giving  maximum  lifting  area  at  half -stroke;  but  its 
effect  l>ecomes  rapidly  diminished  as  it  blows  out  So  that, 
an  the  displacer  lifts,  not  only  is  the  counterbalancing  effect 
of  the  spring  becoming  more  feeble,  but  the  effective  area 
of  the  diaphragm  is  also  diminishing ;  hence  the  displacer, 
onco  in  motion,  will  always  travel  beyond  the  point  of 
i'(iuilibrium  of  the  various  forces,  on  account  of  its  momen- 
tum. The  reaction,  when  the  momentum  is  exhaiLsted,  is 
tlmt  (hie  to  gravity  ;  and  the  displacer  will  naturally  tend 
to  fall  back  to  such  a  point  that  the  effective  area  of  the 
diapliragni,  multiplied  by  the  pressure  in  the  vessel,  would 
eounttirbalance  the  gravity  effect,  or  such  amount  as  the 
Hpring  in  that  particular  position  may  fail  to  sustain. 

This  point,  if  reached  in  practice,  would  mean,  as  it  were, 
a  "  tlead  centre  "  on  the  down  stroke.  But  such  a  trouble 
is  avoided,  because,  when  the  displacer  commences  to  fall, 
it  also  begins  to  transfer  a  part  of  the  heated  gas  below  it 
to  tlu^  cold  section  above  it,  thus  staiting  condensation 
and  rapidly  reducing  pressure  until  a  partial  vacuum  is  set 
\ip,  which  increases  in  intensity  as  the  displacer  falls. 
Therefore,  not  only  has  the  upward  pressure  on  the  dia- 
phragm been  destroyed,  but  a  positive  downward  atmo- 
spheric pressure,  tending  to  depress  the  displacer,  has  been 
substituted,  which  rapidly  drives  down  the  displacer  to  its 
utmost  limit.  In  being  so  depressed,  however,  the  displacer 
is  causing  abnormal  compression  of  the  sustaining  spring, 
until  its  momentum  becomes  absorbed  thereby.  ITic  dia- 
phragm at  the  same  time,  by  its  motion  below  mid-stroke,  is 
lessening  in  effective  area,  and  therefore  in  depressing  power. 
Another  result  also  taking  place  at  the  same  time  is  that 
the  condition  of  partial  vacuum  set  up  by  the  depression  of 
the  displacer  is  causing  a  rapid  influx  of  gas  through  the 
inlet  valve,  which  quickly  overcomes  the  vacuum  and 
relieves  the  diaphragm  of  atmospheric  pressure. 

The  displacer  at  its  ultimate  downward  limit  is  there- 
fore subject  to  the  following  conditions: — There  is  no  down* 
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ward  force  on  the  diaphragm.  On  the  contrary,  the  influx 
of  gas,  at  the  pressure  of  the  gas  main,  is  tending  to  lift  it. 
Further,  the  spring,  being  abnormally  compressed,  is  also 
tending  to  lift  the  displacer  back  to  mid-stroke.  All  forces 
have  therefore  become  reversed  in  direction,  and  a  lifting 
power  is  in  operation.  Upon  its  way  back  to  mid-stroke,  at 
which  the  displacer  would  nominally  come  to  rest,  it  causes 
a  transfer  of  cold  gas  above  it  to  the  hot  section  below, 
and  therefore  the  diaphragm,  with  an  increasing  effective 
area  to  act  upon,  is  made  subject  to  upward  pressure,  and 
the  cycle  repeats  itself.  The  movement  is  therefore  due  to 
a  sort  of  "  hunting  "  effect,  and  results  in  a  reciprocation  of 
the  displacer,  at  the  rate  of  120  cycles  (up  and  down  move- 
ments) per  minute. 

Such  an  apparatus  as  described  constitutes  a  recipro- 
cating engine  which  (1)  has  no  piston,  yet  compreases 
the  contents  of  the  gas  chamber ;  (2)  has  no  slide  valve, 
yet  preserves  a  perfect  cycle;  (3)  has  no  fly-wheel,  yet 
cannot  stop  on  a  dead  centre ;  and  (4)  has  no  governor, 
yet  accommodates  its  beat  to  the  demand  for  gas.  This 
last  advantage  is  of  very  considerable  importance ;  the  rate 
of  reciprocation  being,  in  fact,  according  to  the  size  of  the 
gas  nipple.  For  instance,  a  lamp  may  have  but  one  burner 
and  have  a  rate  of  120  cycles  per  minute;  but  if  three 
nipples  be  used,  as  for  cluster  work,  the  lamp  will  operate 
with  greater  rapidity,  delivering  three  times  the  volume  of 
gas,  and,  of  course,  it  will  have  the  waste  heat  from  the 
three  burners  to  energise  it.  Here  it  is  interesting  to  note 
that  the  size  of  displacer,  6Jin.  diameter  by  ^J^in.  stroke,  at 
present  in  use  for  one  burner  will  supply  three  burners  if 
needed. 

When  a  heavier  valve,  which  will  not  allow  gas  at  the 
normal  pressure  of  the  mains  to  find  its  way  to  the  nipple 
by  passing  through  the  displacer  chamber,  is  used,  an 
appliance  called  a  "reverter  "  is  employed.  It  may,  in  brief, 
be  described  as  an  automatic  bye-pass,  whereby  tiie  Bunsen 
burner  is  heated  by  low-pressure  gas  until  the  intensifying 
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commences,  after  which  the  lamp  runs  on  high-pressure 
alone.  The  effect  of  heavy  valves  is  as  follows : — When 
the  lamp  is  cold,  the  displacer  chamber  necessarily  contains 
an  initial  charge  of  either  gas  or  air  at  atmospheric  tem- 
perature. On  heat  being  applied  to  the  bottom  of  the 
chamber,  the  expansion  caused  thereby  increases  the 
pressure  to  an  extent  determined  by  the  weight  of  the 
outlet  valve;  and  it  is  this  pressure  transmitted  to  the 
diaphragm   which,  of  course,  causes   the   displacer  to  te 
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Fig.  123. 

raised,  and  thus  begin  the  cycle  ol  movements  already 
explained.  Valves,  if  allowed  to  get  dirty,  prevent  this 
initial  pressure  being  achieved,  on  account  of  want  of  tight- 
ness. Such  neglect  does  not  prevent  the  lamp  being 
started,  as  will  be  explained  later  on;  but  self -starting 
becomes  spoiled. 

Referring  to  the  reverter  (Fig.  126),  gas  at  low 
pressure  enters  at  A,  and,  the  float  being  down,  finds  an  exit 
up  the  centre  bole  B  and   the  side  hole  C.    From  th© 
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latter,  it  issues  at  the  side  apertures  X  and  Y.  The  total 
gas  aperture  ai-ea  for  low  pressure  therefore  coasiuts  of 
the  openings  X,  B,  and  Y;  and  while  B  is  a  standard 
aperture,  and   mast  not   be   touched,  X  and    Y  may  be 
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opened  out,  if  necessary,  to  suit  a  very  low  local  gas 
pressure  for  the  lamp,  when  in  use  as  an  ordinary  low 
pressure  lamp.  A  channel  D  makes  a  connection  (under 
the  float)  with  the  high-pressure  pipe ;  and  when  the  heat 
has  taken  effect  on  the  intensifying  chamber  of  the  lamp 
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above,  to  which  the  pipe  iu  connected,  the  cycle  eom- 
mences,  and  delivery  under  pressure  ensues.  The  rapid 
flow  of  ga.s  which  follows  lifta  the  float  and  closes  the 
Inw-preasure  aperture  A,  as  well  as  the  hole  (',  wheichy 
only  the  standaixl  opening  B  is  left  at  work.  Should  the 
lamp  cease  its  action  from  any  cause,  or  be  cut  off  hy  a 


Fhotognph  at  Ump  actiwUj'  niniiiiiit,  '"it  trtUiniit  nunlla,  fiuierned  jiteimire.  tiik«n 
by  guin  Btlachod  lo  ojclt  botwceo  ([fveni'ir  Hiid  iilnJe,  Slln.  Fleaaurv  iu  lunp 
nswrvoir,  Ukon  b;  gauge  altwhod  to  rock  at  head  of  lump,  2ftlii. 

Rpecial  tap  provided  on  the  lamp,  and  the  supply  of  high- 
pressure  gas  cease,  the  float  will  fall,  thereby  re-starting  the 
supplementary  feed  apertures,  and  maintaining  a  good  light, 
even  at  low  pressure.  The  aperture  B  alone  would  give 
but  a  small  light,  and  take  rather  longer  than  desirable  to 
heat  up  and  start  the  lamp,  if  not  supplemented  by  the  feed 
from  the  additional  holes  \  and  y, 
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The  fonn  of  reverter  above  tlescribeJ  has  l»ecn  modified 
to  admit  of  easier  attention  to  internal  parts,  ivhich  has 
been  effected  by  subdividing  .its  functions.  The  byo-pass 
arrangement  b  worked  by  a  separate  disc  apart  from  the 
float    (sec    section   in    Fig.     127).       It     will    be    noticed 


FIe.  129. 
FIiDtagTBph  o[  lamp  nctiinlly  rimiilng,  but  wIlLaut  mniillc  Cm  m.tcn  wiltcr  mbI  hy  the 
largo  mbbor  pipe  ciidLng  in  n  vtrtieiil  tiibo  tg  hotli.ni  of  glass  jnr.  lamp  la  auckliiK 
througb  thin  metal  plpo  projecting  borlzonlall)'  mid  walwl  Inlu  lioad  o(  jar.  A  bjs- 
uiaa  Talra  cut«  out  tho  wat^t  a«u  to  admit  of  tomponuy  gaq  Bup^  lot  atArthig 
lamp.    This  U  tticn  closed,  oad  tho  lamp  dnva  through  tho  so»L    Iho  gM-supplir 

gauge  1*  mCUtig  ISiii. 

that  the  governor  stands  immediately  over  the  bye-pasa 
valve,  and  the  "aperture  controlling  float  "is  immediately 
under  the  burner,  the  whole  being  in  one  vertical  line. 
They  may  be  replaced  or  examined  very  easily  by  unscrew- 
ing the  top  of  the  bye-pass  valve  and  removing  it  with  all 
the  appertaining  parts  mounted  upon  it.    A  point  not  to  be 
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overlooked  in  burning  heated  gas  is  that  the  nipple  area  re- 
quires adjustment.  For  instance,  gas  at  250'  Fah.  tempera- 
ture will  be  expanded  probably  30  per  cent,  over  its 
original  bulk  when  it  was  admitted  to  the  lamp.  The 
nipples  therefore  require  slight  enlargement  over  cold  gas 


EldvntlntI  of  Ump  In  sr|iurc  bntcm,  showluK  Inlet  ralvc  with  starting  dsTl«  on  one 
ildfl,  uid  ontlvt  vqJvo  wtth  coDiicctlon  to  rcwrcolr  on  tho  Dlbsr  ildc 

nipples.    This  admits  of  greater  velocity  of  delivery,  and 
therefore  a  sharper  blast  for  drawing  air  into  the  burner. 

A  water-charged  head  to  each  street  lamp  is  maintained 
in  an  extremely  simple  manner.  A  hollow  shepherd's  crook 
is  booked  into  the  water-filling  aperture,  and  by  rubber 
attachment  to  a  hand  pump  the  water  is  delivered  until  it 
overflows.    By  such  an  appliance,  and  the  use  of  the  muni- 
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cipal  water-cart,  it  would  take  very  little  time  to  charge 
100  lamps. 

It  has  been  pointed  out  that  dirty  valves  may  prevent 
a  lamp  automatically  starting.  The  possibility  of  dirty 
valves  is  due  to  the  heated  gas  in  newly-made  lamps  vapor- 


Fig.  131. 

Bough  skeleton  of  lamp  (lAiitem  rcflectont,  &c,  removed)  showing  simpllciiy  of  vital 
organs.  Arrows  show  course  of  gas  through  pipe  to  Inlet  valve,  onward  to  intensifier, 
out  throujrii  outlet  valve,  and  down  to  burner.  Connection  to  reservoir  above  is  also 
shown.  The  hot  dish  Is  suspended  over  the  burner,  the  displacer  dish  whidi  nests 
into  It  is  shown  immediately  above,  and  the  cold  dish,  which  also  rests  into  displaocr. 
is  shown  with  valve  pipes  attached.  When  the  hot  and  cold  dishes  are  clamped 
flange  to  flange,  the  displacer  has  a  vertical  movement  of  about  }in. 

ising  the  grease  in  the  pipe  joints,  which  are  made  with 
graphite ;  but  this  disappears  in  due  course — ^the  lamps,  in 
fact,  improve  by  use.  Each  lamp  is  provided  with  a  start- 
ing device,  which  enables  the  attendant^  by  pulling  a  light 

chain^  to  cause  a  pulsation  of  the  gas  in  the  displacer 

s  3 
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chamber ;  so  that  the  lamp  then  enters  into  the  intensifying 
stage,  if  sufficient  heat  has  accumulated  at  its  base.  Some 
of  the  lamps  have  been  put  to  the  test  of  continuous 
operation  day  and  night  for  160  consecutive  hours,  besides 
subsequent  runs  of  128  and  123  hours  continuously,  and 
the  interior  has  then  been  found  in  good  condition,  no 
deposit  of  naphthalene  being  discovered.  Indeed,  it  appears 
doubtful  if  such  could  exist  in  a  lamp  where  the  general 
temperature  is  so  much  above  the  normal. 

As  evidence  of  the  extent  of  improvement  effected  in 
gas  lighting  devices,  it  is  of  interest  to  note  that  the  step 
up  from  a  15 -candle  power  batswing  burner  giving  3  candles 
per  foot  to  a  self -intensifying  lamp  giving  540  candles  from 
a  single  burner  is  as  follows : — The  efficiency  is  increased 
12  times.  The  unit  of  light  is  increased  36  times.  These 
results  are  of  some  significance  in  the  competition  with 
electricity.  Expressed  in  other  words,  it  may  be  said  that 
gas  enters  the  lamp  having  a  value  of  2s.  6d.  per  1000 
cubic  feet ;  but  the  light  attained  gives  such  service  that  it 
is  ec^uivalent  to  reducing  the  price  of  gas  to  24^d.  per  1000 
cubic  feet. 

The  Kitson  Light — One  of  the  most  recent  developments 
of  the  system  of  lighting  by  incandescent  mantles  is  that 
invented  by  Mr.  Arthur  Kitson,  of  Philadelphia,  U.S.A., 
and  now  of  London.  An  installation  on  this  system 
consists  of  three  essentials,  viz.,  (1)  the  reservoir,  con- 
taining petroleum  oil,  having  a  flash  point  of  about  100^  to 
120°  Fah.  (Abel  test) ;  (2)  the  lamp ;  and  (3)  the  tubing 
conducting  the  oil  from  the  reservoir  to  the  lamp.  A 
vapour  tube  passes  over  the  burner,  and  the  oil  is  thereby 
vaporised  and  converted  into  an  oil  gas,  in  which  form  it 
is  consumed  in  contact  with  the  mantle. 

The  oil,  reaching  the  lamp  cold,  through  the  tubing  (1)  (Fig. 
132),  is  conveyed  to  the  vaporising  tube  (2),  which  in  diameter 
is  the  size  of  a  lead  pencil,  and  Sin.  long,  and  is  there  gasified 
by  the  heat  from  the  mantle  (3),  the  arrangement  being 
such  that  only  a  minute  quantity  of  oil  contained  in  the 
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vaporising  tube  is  subjected  to  the  heat  at  one  time.  An 
indication  of  the  smallness  of  the  consumption  is  here 
afforded  by  the  minuteness  of  the  outlet  (4)  at  the  opposite 
end  of  the  vaporising  tube,  it  being  no  larger  than  a  needle- 
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Fig.  132 


point.  From  thence  the  oil  vapour  passes  into  an  open 
mixing  tube  (5)  on  the  top  of  the  reflector,  where  sufficient 
air  is  drawn  in  for  supporting  combustion.  The  mixture 
then  travels  down  to  the  mantle,  inside  which  it  burns. 
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nic  lamp  is  lighteJ  by  a  veiy  simple  and  ingenious  con- 
tiivaiict',  which  rapidly  heats  the  vaporising  tube  previous 
to  the  turning  on  of  the  oil. 

The  i-escrvoiror  oil  storage  tank  {Fig.  133)  ia  a  strong,  though 
light,  cylindrical  vessel,  constructed  of  cold-drawn  steel,  witli 


■^ 


oil  and  air  capacity  varying  from  5  to  40  galloos,  which  is 
njual  to  1000  candle-power  for  15  to  150  hours  respectively, 
and  may  be  placed  in  any  convenient  cellar  or  undergi-ound. 
By  means  of  the  pump  the  tank  is  first  chai^d  witli  oil, 
then  air  is  pumped  in  up  to  50  lb.  gauge  pressure,  which 
air  lasts  for  all  time.    All  that  is  tlien  needed  to  keep  up 
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the  pressure  is  to  replenish  the  supply  of  oil  when  it  is 
becoming  exhausted. 

In  Fig.  1 33  (2)  is  the  sight  gauge,  indicating  the  depth  of 
the  oil  in  the  tank ;  (3)  pressure  gauge ;  (4)  safety  valve  ; 
and  (5)  a  simple  oil  pump. 

The  oil  is  conducted  by  strong  copper  or  bronze  tubing, 
the  bore  of  which  is  no  larger  than  electric  incandescent  wircs, 
which  tubing  is  easily  manipulated  and  hidden  Irom  view. 
It  may  ramify  to  any  number  of  lamps,  but  it  is  not  advisably 
carried  beyond  1000ft.,  as  it  would  then  cost  less  to  install 
another  reservoir. 

The  oil  flow  is  controlled  by  means  of: — (1 )  Ordinary  taps 
in  suitable  positions,  operated  similarly  to  gas  taps.  (2) 
Automatic  check  valves,  which  immediately  stop  the  flow 
of  oil  in  case  of  accident  to  any  part  of  the  tubing.  (3)  The 
passage  of  oil  is  automatically  increased  or  diminished 
according  to  the  light  in  use. 

The  Kitson  system  of  lighting,  which  is  applicable  to 
domestic  as  well  as  public  use,  was  originally  invented  in 
the  years  1885  to  1889.  But  until  the  mantle  industry  had 
become  developed  it  was  impossible  for  the  petroleum  in- 
candescent light  to  attain  commercial  success. 
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CHAPTER  XIV. 

ANTI- VIBRATORS. 

Before  the  introduction  of  the  "  an ti- vibrator,"  the 
incandescent  gas  light  was  hard  put  to  it  to  maintain  its 
position  for  street  lighting,  but  the  invention  of  methods 
for  preventing  the  jar  of  the  traffic  being  communicated 
to  the  mantle  placed  the  whole  question  on  a  diflTerent 
footing. 

Amongst  those  which  appear  to  be  most  satisfactoiy  is 
that  devised  by  Professor  Robert  Smith.  This  device 
consists  essentially  of  a  conical  or  cup-shaped  hollow  piece 
of  metal,  across  the  base  of  which  is  clamped  one  or  two 
thin  non-metallic  flexible  sheets  or  diaphragms,  of  a 
material  impervious  to  gas,  and  having  a  low  modulus  of 
resilience.  Either  the  tap  is  attached  to  the  centre  of  the 
flexible  sheet  or  sheets,  and  the  burners  to  the  metal  cup, 
or  else  the  burner  is  fastened  to  the  centre  of  the  sheets, 
and  the  tap  to  the  metal  cone.  The  material  of  the 
flexible  sheets  is  of  such  kind  as  is  unaflTected  to  an 
injurious  degree  by  contact  with  gas  or  by  such  heat  as 
reaches  it  by  conduction  or  radiation  from  the  burner 
supported  above  it. 

In  some  descriptions  of  lamp  a  thin  sheet  of  vulcanised 
rubber,  with  or  without  canvas  webbing,  ser\'es  the 
purpose ;  but  when  the  disc  is  exposed  to  a  higher  tem- 
perature what  is  known  as  "  avsbestos  sheet,"  with  or 
without  rubber,  canvas,  or  metallic  webbing,  is  more  suit- 
able. This  material,  in  the  form  of  thin  sheets,  clamped 
at  their  edges  only,  has  also  the  advantage  of  transmitting 
less  vibration  than  does  rubber.     Other  materials  may  be 
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uscti  for  the  flexible  discs  in  such  cases  as  they  may  be 
required. 

The  metal  cone  or  cup  may  be  placed  with  its  broad 
base  and  the  flexible  aheet  or  sheets  at  the  top,  but  the 
inventor  generally  prefers  the  inverted  position  witli  the 
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Fig.  134 

base  downwards.     The  cup  may  be  cylindrical,  or   other 
shape  preferred. 

The  sheets  when  unloaded  may  be  flat,  but  when  carry- 
ing the  weight  of  the  superincumbent  parts  they  are  drawn 
into   a   more   or   less    conical    shape    by  this  load.     This 
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conical  »hapc  in  that  desired,  an  l>cing  more  cflicicnt 
in  insulating  iiom  horizontal  as  well  as  from  vertical 
vibrations  than  would  be  the  Hat  form ;  and  in  some 
circumstances  it  is  desirable  to  would  the  sheets  with  a 

I 


coasiderahle  degree  of  initial  conicity  instead  of  to  tlie  Hat 
fonn. 

In  Fig.  ISi  is  illustrated  the  form  in  which  a  double  cone 
C  C,  with  Iwse  downwards,  is  used.     Fig.  135  shows  a 


modified  construction  in  which  one  cone,  C,  only  is  used- 
Fig.  13C  shows  a  construction  in  which  the  base  of  the  cone 
C  lies  at  the  top. 
This  anti-vibrator  has  been  subjected  to  the  most  rigid 
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tests  by  Mr.  Stephen  Carpenter,  manager  of  the  works  of 
the  Sutton  Gas  Company,  from  whose  report  to  Prof.  R. 

Smith  the  following  extracts  are  taken  : — 

After  some  preliininary  experiments  to  decide  the  most  efficient 
form  of  test  apparatus,  one  of  jour  anti- vibrators  was  on  29th  March, 
1899,  fixed  on  the  top  of  a  ^in.  gas  pipe  rising  vertically  4ft.  9|in. 
from  the  floor  of  our  boiler-house  alongside  of  a  vertical  donkey  feed 
pump.  At  dft.  8iin.  from  the  ground  a  hardened  tool- steel  arm  was 
clamped  horizontally  on  this  pipe,  its  length  to  the  striking  point 
being  6in.  At  about  8ft.  6in.  from  the  ground  the  ^in.  pipe  was 
lightly  lashed  to  a  thin  lath  nailed  to  the  wall  in  order  to  limit  the 
throw  of  the  vibration.  This  lashing  made  the  shocks  sharper, 
although  it  diminished  the  range  of  the  horizontal  throw.  It  in  no 
way  affected  the  vertical  component  of  the  shock,  nor  the  total  energy 
of  each  blow. 

To  the  fly-wheel  of  the  pump  was  rigidly  secured  a  hardened  tool- 
steel  arm  14in.  long.  When  this  arm  reached  45^  from  the  vertical 
on  each  down -stroke  it  struck  the  other  Gin.  arm  clamped  upon  the 
upright  stem -pipe.  The  end  of  the  striking  arm  overlapped  the  other 
by  ^in.,  so  that  the  latter  had  to  be  forced  aside  ^in.  to  allow  the 
striking  arm  to  pass.  During  the  1,848,000  bloiv8  delivered,  the  hori- 
zontal arm,  which  was  of  hardened  tool- steel,  wore  away  ^in.,  while 
about  1,300,000  blows  wore  away  the  end  of  the  striking  arm  j^in. 
The  amount  of  overlap  was  adjusted  from  time  to  time  to  regulate  the 
strength  of  the  blow. 

The  above  1,848,000  blows  did  not  in  any  way  pull  out  or  loosen  the 
edge  joints  of  the  flexible  diaphragms,  or  any  other  joints  of  the  anti- 
vibrator.  In  this  number  of  blows  are  included  those  given  in  the 
intervals  between  the  tests  of  the  different  mantles  used. 

A  Welsbach  G  burner  with  ordinary  glass  chimney  was  fixed  on  the 
top  of  the  anti- vibrator. 

March  29th. — A  new  perfect  Welsbach  mantle  was  placed  on  the 
ordinary  forked  rod,  and  burnt  off,  smoking  slightly  at  base  where 
touching  the  burner.  Started  blows  9  a.m.,  and  continued  them  until 
9  p.m.,  March  81st,  at  an  average  speed  of  140  shocks  per  minute, 
giving  total  number  of  biotas  504,000.  The  mantle  was  stUl  perfect, 
but  the  test  was  interrupted  by  the  striking  arm  being  broken  by  the 
violence  of  the  repeated  blows.  A  new  striking  arm  was  fixed,  and  the 
test  reconomenoed  at  9  a.m.,  April  1st,  with  the  same  mantle,  and  a 
somewhat  stronger  blow  than  before.  At  4  p.m.  the  mantle  was  still 
perfect,  having  then  received  562,800  blows.  The  machine  was  then 
required  for  other  purposes,  and  the  testing  mechanism  disconnected. 
The  attendant  having  omitted  to  remove  the  mantle,  it  was  broken  on 
the  occasion  of  the  pump  running  away,  and  causing  very  violent 
shock  and  oscillation  throughout  the  loose  disconnected  parts. 


April  5lh.— At  8.45  p.m.  ft  new  perfect  ^Ve1abach  C  mantle  was 
mounted  in  same  manner,  but  witJiout  the  anti-vibratoT,  with  tbe 
same  strength  of  blow  as  the  last.  Tbe  pump  was  started  gently,  and 
its  speed  increased  gradually.  The  mantle  broke  off  near  the  top  at 
70  blow/. 

April  5th. — At  4  p.m.  tbe  anti-vibrator  was  refixed  as  before,  and  a 
new  Welsbadi  C  mantle  suapended  and  burnt  off.  This  test  continued 
uniformly  from  this  time  tilt  6  a.m.,  April  lOth,  when  the  mantle  was 
still  perfect.  The  average  speed  was  100  shocks  per  minute,  and  the 
time  being  110  hours,  the  blowt  received  were  660,000. 

The  author  has  specially  tested  this  anti-vibrator,  and 
finds  that  it  causes  no  depreciation  of  the  intensity  of  the 
light,  whilst  the  enhanced  life 
of  the  mantle  was  most  remark- 
able, thus  completely  confirming 
Mr.  Carpenter's  results. 

As  an  indication  of  the  prac- 
tical value  of  this  anti -vibrator, 
the  following  experience  may  be 
recited  : — In  August,  1900,  an 
ordinary  C  Welsbach  burner, 
with  Prof.  R.  Smith's  anti- 
vibrator,  was  fitted  under  Mr.  S. 
Carpenter's  directions  in  one  of 
Mes.srN.  Greene  and  Co.'s  lanterns 
ill  Chcaui  Road,  Sutton,  Suirej'. 
At  the  present  time,  after  twenty 
months'  use,  tlie  some  mantle 
continues  to  afford  a  satisfactory 
light.  The  anti  vibrator  is  one 
of  the  first  that  was  made. 

Welsbach  Kern  Burner  and 

Anti-vibrator   {Fig.  137).— The 

illustration     shows     the     Kern 

'^* '"'  burner  fitted   with    the    patent 

anti-vibrator  supplied  by   the  Welsbach  Company.     This 

form  of  anti-vibrator  has  been  successfully  used  in  street 

lighting,  in  the  lighting  of  railway  stations,  factory  work- 
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shops,  &c.,  and  it  is  claimed  that  by  its  adoption  Welsbach 
mantles  are  enabled  to  withstand  the  severest  shocks  and 
most  sustained  vibration.  The  anti-vibrator  consists  of  a 
bell-shaped   metal  weight  supported   by   a  spiral   spring, 


Fig.  I3a— Harwich  Anti-vlb rating  euapentlon  Fitting. 

which   takes   up   the   Jar  of    both    lateral    and    vertical 
vibration. 

Fig,  138  is  a  drawing  of  a  simple  fitting  with  a  steel 
tube  anti-vibrator  and  an  enamelled  reflector,  constructed 
by  Messrs.  Sugg  and  Co,  for  use  in  workshops,  &c. 
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CHAPTER  XV. 

LAMP  GOVERNORS   AND   AVERAGE   METER   SYSTEM. 

Lamp  Governors  (186G  Model).— (A) ^Fig,  139, is  a  steatite 
burner  tip,  and  the  diagram  shows  the  method  by  which  it  is 
fastened  into  the  cone  (B),  which  is  screwed  to  the  governor 
by  an  ordinary  J  gas  thread.  The  best  burner  for  the  pur- 
pose, and  the  one  that  is  now  almost  universallj'  adopted,  is 
the  table-top. 

(C)  is  a  metal  ring,  which,  being  screwed  into  the  body 
of  the  governor,  holds  the  leather  firmly  to  its  seat  Be- 
tween the  leather  and  the  metal  ring  is  a  turned  card 
washer,  which  prevents  the  leather  from  being  injured  by 
the  turning  of  the  screw  in  tightening  it  down  to  its 
bearing. 

(D)  is  the  regulating  valve  fixed  to  the  leather  (E)  by 
means  of  two  shields  (F  F),  which  clip  the  leather  between 
them,  these  shields  being  held  firmly  by  a  screwed  brass 
nut  (G)  on  the  top  of  the  upper  shield,  and  a  tin  washer 
on  the  underside  of  the  lower  one.  The  leather  (E)  answers 
the  same  purpose  in  the  dry  as  the  gasholder  does  in  a  wet 
governor,  rising  and  falling  accordingly  as  the  pressure  is 
more  or  less  at  the  inlet  (L). 

(H)  is  the  junction  gasway  connecting  the  outlet  of  the 
lower  part  of  the  governor  to  the  cover  through  which  the 
gas  passes  up  the  cone  (B)  to  the  burner,  in  the  direction 
shown  by  the  arrows. 

(II)  arc  screws  which  hold  the  gasway  to  its  seat. 
Between  the  gasway  and  the  seat  is  interposed  a  washer 
made  of  paper,  which,  being  painted  with  a  little  red  lead 
and  oil,  secures  the  soundness  of  the  joint. 
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(K)  is  a  screw  for  holding  the  top  securely  and  preventing 
damage  to  the  gasway  should  the  lamp-lighter  strike  the 
cone  too  hard  with  his  torch  in  lighting,  or  catch  the  burner 
with  his  sleeve  in  cleaning  the  lantern. 

(L)  is  the  inlet  of  the  governor  screwed  to  the  ordinary  ^ 
gas  thread,  and  the  direction  of  the  gas  is  shown  by 
arrows. 

(M  M)  is  an  annular  leaden  weight  by  which  the  pressure 
to  be  maintained  at  the  point  of  ignition  is  fixed.    As  in  the 


Fig.  139. 


Fig.  140. 


ordinary   wet  governor  a  lighter  weight  will  give    less 
pressure,  and  vice  versd, 

(N)  is  a  hole  communicating  with  the  external  air  for  the 
purpose  of  allowing  the  leather  to  rise  and  fall.  If  this 
hole  becomes  stopped,  the  governor  will  cease  to  act.  The 
leather  being  sound,  no  escape  of  gas  can  take  place  when 
the  governor  is  in  operation. 
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I  SOI. 


1866. 


187S. 


1879. 


18S0. 


1881. 


Fig.  141.— Lamp  Governors  arranged  Chronologically 
DrJtwu  to  scale  of  onc-riuartcr. 


Lamp  GovernoTB,  273 

The  Steatite  Float  Lavip  Governor  (Fig.  140)  has  been 
introduced  to  meet  the  requirements  of  modern  times,  and 
is  capable  of  working  under  more  stringent  conditions  than 
were  usual  at  the  time  the  first  governors  were  invented.  It 
comes  into  action  at  the  ordinary  day  pressure,  and  ensures 
a  constant  rate  of  consumption  under  pressures  varying 
from  tV  to  Gin.  It  differs  from  Fig.  139  by  reason  of  the 
leather  diaphragm  being  replaced  by  a  steatite  float,  which, 
on  rising  by  the  increased  pressure  of  the  gas,  reduces  the 
free  way  of  the  outlet,  and  therefore  works  without  the  aid 
of  mercury,  glycerine,  or  other  fluid. 

The  interesting  series  of  woodcuts  (Fig.  141)  illustrate 
the  development  in  the  forms  of  lamp  governors  since 
1859. 

Me88r8.  Sugg  and  Go's  Apparatus  for  Testing  Lamp 
Governors  (Plate  III.)  — The  requisites  for  this  purpose 
are: — 

An  experimental  meter  (A),  with  a  measuring  drum 
holding  -pV  ^^  A  cubic  foot,  thus  indicating  at  one  revolution 
per  minute  a  rate  of  5  cubic  feet  per  hour.  The  dial  is 
divided  accordingly,  each  foot  being  sub-divided  into 
tenths  of  a  foot. 

A  minute  clock  (B)  striking  each  minute  and  fitted  with 
stop  action. 

A  King's  pressure  gauge  (C)  capable  of  showing  4in.  of 
pressure. 

Another  (D),  capable  of  showing  l-J^in.  of  pressure,  with 
sub-divisions  into  hundredths  of  an  inch. 

A  single  dry  governor  (E). 

A  double  dry  governor  (F). 

A  float  (N  N)  fitted  with  lamp  cocks  and  stop-cock  (E  E) 
for  high-pressure  gas  supply. 

A  brass  T-piece  (L)  screwed  fin.  inside  at  the  bottom, 
and  fin.  outside  at  the  top,  so  that  it  may  be  inserted 
between  the  cone  and  the  case  of  a  governor  which  it  is 
required  to  test  in  the  readiest  manner  without  disturbing 
the  joints. 

T 
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This  T-piece  is  connected  by  means  of  an  india-rubber 
tube  to  the  delicate  King's  pressure  gauge  (D),  which  in- 
dicates the  pressure  of  the  gas  after  passing  the  governor. 
This  pressure  is  considered  to  be  that  which  would  be 
found  just  inside  the  orifice  of  the  burner,  and  is  spoken  of 
as  the  pressure  at  the  point  of  ignition. 

Note. — In  the  case  of  the  steatite  float  lamp  governors  (page 
271) I  in  which  the  cone  is  in  one  piece  with  the  case  of  the 
governor,  the  burner  must  be  removed,  and  the  T-piece  must  be 
screwed  to  the  top  of  the  cone. 

A  flash-light  (H)  for.  lighting  the  burners,  and  connected 
by  a  long  india-rubber  tube  with  the  ordinary  gas  service, 
so  that  it  is  not  in  communication  with  any  part  of  the 
apparatas. 

Action  of  the  A'pparatus, — The  mode  of  action  of  the 
apparatus  is  as  follows ; — The  high-pressure  gas  enters  by 
the  supply  pipe  (G),  and  passes  through  the  governor  (E)  to 
the  meter  (A).  Thence  it  returns  and  passes  througli  the 
double  governor  (F)  to  the  pipe  (N  N)  called  the  float. 
This  pipe  is  provided  with  stop-cocks,  to  which  the 
governors  or  burners  under  examination  can  be  attached, 
and  is  in  communication  at  the  one  vertical  portion  with 
the  gauge  (C),  and  at  the  other  with  the  high-pressure  gas 
supply  through  the  stop-cock  (E  E). 

Fixing, — The  best  method  of  fixing  this  apparatus  is 
that  shown  in  Plate  III. 

The  inlet  (G)  of  the  apparatus  should  be  connected  to  the 
outlet-pipe  of  the  gasholder  (Fig.  142). 

Although  lamp  governors  are  made  for  the  purpose  of 
maintaining  by  their  action  uniformity  at  the  burner  under 
varying  pressures  in  the  street  mains,  yet  they  themselves 
cannot  be,  well  adjusted  unless  there  is  a  possibility  of 
working  with  a  standard  pressure  which  can  be  relied  upon 
to  remain  unchanged  during  the  whole  process  of  adjust- 
ment. 

At  the  same  time  it  is  necessary,  in  order  to  prove  the 
delicacy  of  the  governor,  to  have  a  means  of  increasing  the 
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pressure  at  its  inlet  by  degrees  till  the  highest  pressure  ia 
reached,  when  this  is  shut  off,  and  the  standard  pressure 
resumes  its  influence. 


To  maintun  this  standard  pressure  is  the  province  of  the 
•double  governor  (F),  fixed  on  the  right  of  the  meter,  while 
that  on  the  left  (E)  ser\es  to  regulate  the  degree  of  variation 
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in  the  pressure  which  it  is  intended  to  cause  at  the  inlet  of 
the  lamp  governor  under  examination. 

Adjustment— Relying  arranged  the  apparatus  in  the 
order  pointed  out,  see  that  the  pointers  of  the  pressure 
gauges  are  at  zero  when  the  gas  is  turned  off. 

Note.— For  this  purpose  open  the  blow-off  cocks  (A  A),  and 
shut  the  gas  oocks  (6  B). 

Adjust  the  (F)  or  standard  pressure  governor  till  it  gives 
a  pressure  upon  the  (C)  pressure  gauge  equal  to  the  lowest 
or  day  pressure  in  the  mains  (say  6-lOths). 

Note.— In  adjusting  this  governor  (which  is  double),  the  inlet 
holder  must  be  weighted  to  give  about  2  orS-lOths  more  than  the 
outlet  holder ;  thus,  supposing  the  operator  were  adjusting  the 
low-pressure  governor  (F)  to  give  6-lOths  pressure,  he  would 
adjust  the  inlet  holder  to  S-lObhs  and  the  outlet  holder  to  O-lOths. 
This  is  done  to  allow  for  any  variation  of  pressure  which  may 
occur  at  the  outlet  of  the  first  holder,  and  in  order  that  the  second 
may  be  enabled  to  maintain  at  its  outlet  a  perfectly  uniform 
pressure. 

Weight  the  test  or  store  gasholder  (Fig.  142)  (if  it  is  not 
possible  to  obtain  the  pressure  from  a  large  gasholder,  or  in 
any  other  way),  up  to  2in.  or  2  J  in. 

For  all  the  purposes  of  testing,  excepting  for  soundness, 
a  pressure  of  2in.  is  amply  sufficient.  To  increase  the 
pressure  gradually  from  -«^in.  to  l^in.  is  a  severer  test  for 
a  governor  than  suddenly  to  change  it  from  -i^ii^-  ^  Q^^- 

After  adjustment  of  the  high-pressure  governor  (E)  to  2in., 
or  nearly  the  pressure  of  the  test  gasholder,  the  apparatus 
will  be  in  order  for  testing. 

Supposing  it  is  required  to  testa  governor  taken  from,  or 
ready  to  be  fixed  in  a  lamp,  screw  it  on  one  of  the  cocks  as 
at  (L),  commence  by  turning  on  the  high-pressure  cock  (EE), 
and  light  the  burner. 

NoTB. — This  is  done  in  the  case  of  the  old  pattern  governors 
to  put  the  governor  in  action  in  case  it  may  have  lain  by  for  some 
time,  and  have  become  stiffened  by  reason  of  the  oU  from  the 
gas  being  visdd.  If  put  in  action  for  a  short  time,  the  gas  will 
itself  restore  the  leather  to  its  fonaer  cQnditiont 
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Turn  off  the  high-pressure  cock  and  let  the  flame  bum 
for  at  least  one  minute,  then,  when  the  hand  of  the  meter 
is  at  5,  start  the  minute  clock  (which  should  be  at  zero), 
and  at  the  moment  when  the  bell  strikes  one  minute,  notice 
the  position  of  the  hand  of  the  meter.  The  distance 
travelled  over  by  that  hand  in  one  minute  equals  the  rate 
per  hour  at  which  the  gas  is  consumed  by  the  burner ; 
thus,  if  the  hand  has  made  the  complete  circuit  of  the  dial, 
the  consumption  of  gas  is  5  cubic  feet  per  hour ;  if  from 
zero  to  1,  1  foot  per  hour,  and  so  on. 

If  it  be  necessary  to  ascertain  whether  the  governor 
under  examination  varies  under  different  pressures,  then 
unscrew  the  cone  and  insert  the  T-pi®ce  (L),  connecting  the 
outlet  of  the  X  to  the  point  of  ignition  gauge  (D). 

Commence  with  the  low  or  standard  pressure,  and 
ascertain  the  rate  per  hour,  after  which  turn  on  the  high- 
pressure  cock  (E  E)  so  as  to  gradually  increase  the  pressure 
until  the  gauge  shows  that  the  highest  point  desired  is 
attained. 

Note.— The  weight  must  be  put  on  the  outlet  holder ;  after 
the  first  adjustment  the  inlet  holder  must  not  be  tonchedi  unless 
it  is  desired  to  increase  or  diminish  the  standard  maximum 
pressure. 

By  counting  the  number  of  hundredths  of  an  inch  of 
variation  shown  by  the  pressure  gauge,  that  of  the  governor 
may  be  accurately  ascertained ;  and  by  observing  how  much 
the  consumption  is  increased,  a  table  of  variations  for  that 
particular  size  of  burner  may  be  readily  made. 

To  ensure  success  in  lighting  street  lamps  upon  the 
governor  system,  the  burner  and  governor  must  be  con- 
sidered as  one,  and  any  accident  which  happens  to  either 
ought  to  be  followed  by  the  removal  of  both  for  re-adjust- 
mcnt. 

It  is  desirable  that  all  governors  should  be  brought 
in  for  testing  and,  cleaning  at  least  once  in  three  years. 

Average  Meter  System. — The  following  description  of  the 
method  adopted  in  the  town  of  Nottingham  for  effecting  the 
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supply  of  gas  to  the  public  lamps  on  the  system  of  average 
meter  indication  was  submitted  to  the  British  Association 
of  Gas  Managers  by  Mr.  Chas.  Hawkesley  in  June,  18G8, 
and  is  of  special  value  as  showing  the  manner  in  which 
the  "  meter  system  "  was  introduced. 

Average  meter  indication  appears  to  have  been  in  use  in 
one  or  two  of  the  smaller  towns  in  this  country  for  a 
considerable  period  of  years,  but  was  first  brought  pro- 
minently into  public  notice  when  applied  in  conjunction 
with  the  "  double  tap  '*  in  the  town  of  Reading  during  the 
year  1863,  under  the  direction  of  Mr.  Samuel  Hughes. 

The  attention  of  the  Nottingham  Gas  Company  was,  in 
the  year  1860,  called  to  the  excessive  quantity  of  gas  con- 
sumed by  the  public  lamps,  and  on  investigation  it  was 
found  that  the  mean  average  consumption  by  each  lamp 
amounted,  during  the  six  months  ended  September  1st, 
1860,  to  no  less  than  7' 3  cubic  feet  per  hour,  although  the 
contract  with  the  town  authorities  provided  only  for 
5  cubic  feet  per  hour  per  lamp ;  and  during  a  portion  of 
the  period  referred  to — viz.,  from  the  1st  to  the  22nd  of 
June — the  consumption  per  lamp  was  found  to  have 
attained  the  enormous  quantity  of  9o  cubic  feet  per  hour. 
The  amount  of  gas  actually  consumed  (as  ascertained  by 
meters  attached  to  several  of  the  lamps),  when  divided  by 
the  number  of  houra  during  which  the  lamps  ought  to  have 
been  lighted  according  to  the  lighting  table,  gave  the 
results  mentioned  above,  showing  great  negligence  on  the 
part  of  the  lamp-lighters,  who,  especially  during  the  height 
of  summer,  lighted  the  lamps  earlier  and  extinguished 
them  much  later  than  the  hours  stated  in  the  table. 

It  was  to  amend  the  then  unsatisfactory  state  of  the 
arrangements  with  the  lighting  authorities  of  the  town  that 
the  Company  applied  to  Parliament,  in  the  session  of  1864, 
for  an  Act  having  amongst  other  objects  the  making  of 
better  and  more  eflTectual  provisions  with  regard  to  the 
lighting  of  public  lamps. 

The  Bill  was  opposed    by    the    Corporation  and  the 
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lighting  authorities  of  the  town,  and  after  a  severe  con- 
test before  a  Select  Committee  of  the  House  of  Commons, 
during  which  certain  alterations  were  made  in  the  Bill 
affecting  the  regulation  of  the  public  lamps,  the  Act  was 
passed  with  the  following  clauses : — 

*'  (15)  Subject  to  the  provisions  of  this  Act  the  Company  shall,  at 
their  own  expense,  upon  the  request  in  writing  of  any  lighting 
authority,  provide,  lay  down,  fix,  maintain,  and  keep  in  repair  all 
mains  necessary  for  the  proper  lighting  of  such  of  the  streets  within 
the  said  limits  as  are  mentioned  in  such  request,  and  provided  the 
lamps  to  be  supplied  shall  be  fixed  at  not  exceeding  the  average 
distance  of  80  yards  along  the  course  of  any  main  to  be  laid  down  by 
the  Company  for  conveying  gas  to  such  lamps. 

'*  (16)  The  Company  shall,  from  time  to  time,  at  the  request  in 
writing  of  any  such  lighting  authority,  supply  all  or  any  of  the 
present  public  lamps  within  the  said  limits,  or  such  other  public 
lamps  to  be  hereafter  provided  and  fixed  as  aforesaid,  with  so  much 
gas,  and  to  be  delivered  at  and  for  such  times  and  periods  as  the 
parties  on  whose  request  the  supply  of  gas  is  made  may  from  time  to 
time  desire. 

"  (17)  The  price  to  be  charged  by  the  Company,  and  to  be  paid  to 
them  by  the  lighting  authority,  within  the  extended  limits  by  this 
Act  authorised,  for  all  gas  so  supplied  to  or  for  any  such  public 
lamps,  shall  always  be  csJculated  and  fixed  at  and  according  to  the 
lowest  price  for  the  time  being  charged  by  the  Company  to  any 
private  consumer  in  the  parish  or  place  within  such  extended  limits 
in  which  such  public  lamps  shall  be  situated. 

**  (18)  The  gas  supplied  to  the  public  lamps  within  the  limits  of  this 
Act  and  the  recited  Acts  shall  be  consumed  by  meter,  at  the  option 
from  time  to  time  of  the  lighting  authority  or  the  Company ;  and  in 
case  of  its  being  consumed  by  meter,  the  meters  shall  be  provided  by 
the  Company  at  the  expense  of  the  lighting  authority,  but  neither 
party  shall,  except  as  hereinafter  provided,  be  entitled  to  require  that  a 
meter  be  affixed  to  more  than  one  in  every  twelve  lamps  then 
supplied  with  gas  under  this  Act  or  the  recited  Acts ;  provided  also 
that  the  Company  shall  be  at  liberty,  if  they  think  fit,  to  have  a 
meter  affixed  to  any  additional  number  of  lamps,  they  providing  such 
meters,  and  paying  to  the  lighting  authority  the  additional  expense 
of  providing  and  adjusting  lamps,  lamp-posts,  and  other  things 
necessary  for  their  reception  and  use ;  provided  always,  that  if  the 
gas  shall,  under  the  provisions  of  this  Act,  be  supplied  to  the  public 
lamps  by  average  meter  indication,  the  Company  shall,  for  securing 
uhiformity  of  consumption  between  the  metered  and  the  immetered 
lamps,  from  time  to  time  provide  the  public  lamps  nnder  the  control 
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of  the  lighiiag  authority  with  proper  regulating  apparatus  and 
burners  to  the  satisfaction  of  the  lighting  authority,  or,  in  case  of 
difference,  as  from  time  to  lime  shall  be  settled  by  the  Justices  in 
Petty  Sessions  assembled. 

'*  (19)  The  average  amount  of  the  indications  of  all  the  meters 
attached  to  the  public  lamps  under  the  control  of  any  lighting 
authority  shall  be  deemed  to  be  the  amount  consumed  by  each  such 
lamp. 

"  (20)  The  gas  supplied  to  any  such  public  lamp  shaU  be  permitted 
to  pass  unrestricted  to  and  from  such  regulating  apparatus  for  the 
whole  of  the  period  during  which  any  such  public  lamp  shall  be 
lighted." 

Subsequently,  Mr.  Hawksley,  the  engineer  to  the  gas 
company,  was  instructed  to  take  the  necessary  steps  for  the 
introduction  into  the  town  of  Nottingham  of  the  system  of 
average  meter  indication,  and  with  the  assistance  of  Mr. 
William  Sugg,  he  devised  the  modified  fonn  of  meter  and 
the  burner  cock  now  in  use,  with  the  view  to  overcome 
some  of  the  difficulties  which  had  previously  been  en- 
countered where  that  system  had  been  tried.  The  lamps 
at  Nottingham  were  first  lighted  on  the  system  of  average 
meter  indication  in  the  beginning  of  the  year  1866,  since 
which,  and  up  to  the  present  time,  that  method  of  lighting 
has  been  maintained  in  operation  without  interruption. 
The  apparatus  employed  is  as  follows : — 

(1)  Every  lamp  throughout  the  town  is  furnished  with  a 
brass  cock,  above  which  are  fixed  a  governor  and  steatite 
burner, 

(2)  One  lamp  in  twelve  has,  in  addition  to  the  above,  a 
wet  meter  placed  underground,  near  the  foot  of  the  lamp 
column. 

The  meter  is  of  the  compensating  class,  and,  in  order  to 
reduce  the  friction  to  a  minimum,  the  drum  is  made  of  the 
same  diameter  (about  12in.)as  that  of  an  ordinary  five-light 
meter,  but  is  so  diminished  in  width  as  to  have  the  capacity 
of  a  three-light  meter  only ;  it  makes  eight  revolutions  for 
each  cubic  foot  of  gas  measured,  and  requires  to  work  it  a 
pressure  of  only  half  a  tenth  of  an  inch  when  passing  five 
cubic  feet  of  gas  per  hour. 
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The  waste-water  box  is  so  arranged  as  to  be  capable 
of  being  emptied  by  means  of  an  exhausting  oyringe 
introduced  through  a  plug-hole  in  the  top  of  the  meter 
case. 

The  index  is  placed  horizontally  on  the  top  of  the 
meter,  so  as  to  be  visible  on  raising  the  cover  of  the  cast 
iron  box  in  which  the  meter  is  placed.  The  index  at  first 
employed  was  made  of  brass,  and  of  the  ordinary  pattern  ; 
but  great  trouble  being  given  by  the  meters  ceasing  to 
register,  it  was  discovered  that  the  condensation  in  the  dial 
box  due  to  changes  of  temperature,  and  probably  in  some 
measui-e  also  to  the  evaporation  from  the  water  in  the 
meter,  corroded  the  wheelwork  to  so  great  an  extent  as  to 
cause  the  breakage  of  the  teeth  of  the  wheels,  and  conse- 
quently to  permit  the  passage  of  the  gas  without  registra- 
tion. It  was  then  determined  to  make  the  indexes  with 
strong  wheelwork  of  gun-metal,  afterwards  tinned  to  pre- 
serve it  from  corrosion ;  and  a  simplified  arrangement  of 
index,  suggested  by  Mr.  Henry  T.  Humphreys,  was  used, 
consisting  of  two  large  wheels,  each  about  4flin. in  diameter. 
Both  wheels  are  worked  by  the  same  pinion  fixed  on  a 
vertical  shaft,  which  is  driven  in  the  usual  way  by  a  worm 
on  the  drum  shaft.  One  of  the  large  wheels  is  provided 
v/ith  202  teeth,  and  is  attached  to  a  revolving  dial  plate, 
the  circumference  of  which  has  100  divisions,  each  repre- 
senting 1  cubic  foot  of  gas,  indicated  by  means  of  a  fixed 
pointer.  The  other  large  wheel  is  furnished  with  200  teeth, 
and  has  attached  to  it  a  hand  also  pointing  to  the  before- 
mentioned  divisions  on  the  dial  plate,  each  of  which  now 
represents  100  cubic  feet;  but  the  number  of  teeth  in  this 
wheel  being  two  less  than  those  on  the  wheel  to  which  the 
dial  plate  is  connected,  the  hand  revolves  1  per  cent,  faster 
than  the  dial  plate,  and  thus  indicates  every  100  cubic 
feet  of  gas  consumed  up  to  10,000  cubic  feet,  beyond 
which  it  is  unnecessary  to  record  in  meters  of  this  class. 

Method  of  Reading'  the  Index, — The  index  is  of 
the  kind  called  difi*erential*    The  index  hand    and    dial 
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both  revolve;  but,  as  a  consequence  of  the  hand  being 
fixed  to  a  wheel  having  200  teeth  and  the  dial  to  another 
having  202  teeth,  both  of  which  are  driven  by  the  same 
pinion,  the  hand  gains  on  the  dial  two  teeth  every  complete 
revolution  of  the  latter,  which  occurs  when  100  cubic  feet 
of  gas  have  passed  through  the  meter.  Thus  it  follows  that 
each  of  the  smallest  divisions  is  equal  to  100ft.  by  the 
indication  of  the  central  hand,  and  1ft.  by  that  of  the 
fixed  pointer. 

When  the  former  has  made  a  complete  revolution  of  the 
dial,  10,000  cubic  feet  of  gas  will  have  been  passed  through 
the  meter. 

As  a  further  precaution  against  corrosion,  the  index  box 
is  filled  with  refined  oil  to  the  level  of  the  under  side  of  the 
dial  plate,  and  with  the  index  thus  made  and  protected  no 
further  difficulty  has  been  caused  through  the  meters  having 
ceased  to  register. 

The  freezing  of  the  water  during  the  winter  has  been 
effectually  prevented  by  the  introduction  into  each  meter 
of  a  small  quantity  of  methylated  spirit.  This  was  at  first 
found  to  interfere  with  the  proper  action  of  the  meter,  and 
it  was  then  discovered  that  the  spirit  as  ordinarily  sold  is 
mixed  by  the  Customs  authories  with  gum  to  prevent  ite 
use  for  the  purpose  of  defi*auding  the  Excise.  Un- 
adulterated spirit  was  afterwards  obtained,  on  a  certificate 
being  given  to  the  authorities  as  to  the  use  to  which  it  was 
to  be  applied,  and  no  further  inconvenience  has  been 
experienced.  Additional  protection  against  frost  is  afforded 
by  filling  with  felt  the  space  between  the  two  covers  of 
the  meter  box. 

Note. — ^This  has  not  been  effectual  in  every  case,  in  conse- 
quence  of  the  felt  becoming  wet,  and  serving  as  a  ectadnotor.  It 
has  been  found  that  the  air  space  between  the  Hds  ia  qidte  snffi' 
cient  during  ordinary  frosts. 

The  meter  is  placed  in  a  cast  iron  box  let  into  the  ground 
near  the-  foot  of  the  lamp-post,  so  that  the  cast  iron  lid, 
which  is  hinged,  is  level  with  and  forma  part  of  the  foot 
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pavement ;  beneath  this  litl  is  a  faUe  cover  of  iron  to  afford 
additional  protection  to  the  meter,  which  cover  may,  if 
required,  be  tightly  screwed  down  on  to  an  india-rubber 
washer,  thus  forming  a  water-tight  joint  and  keeping  the 
interior  of  the  box  dry  even  when  immersed  in  water 
Apertures  ai'e  left  in  the  back  of  the  box,  through  which  to 


pass  the  inlet  and  outlet  pipes,  and  these  are  made  water- 
tight by  means  of  washei^s  and  back  nuts, 

Mr.  Sugg's  public  lamp  meter  consists  of  a  cast  iron  box 
(Fig.  143),  with  roughed  external  lid,  and  M'ith  internal  lid 
made  tight  with  india-rubber,  and  fastened  down  by  cotters 
and  screws.    The  internal  lid  is  fitted  with  glass,  to  enable 
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the  inspector  to  read  the  index  without  removal,  and  an 
improved  double-latch  lock,  made  to  prevent  dirt  from 
falling  through  the  keyhole  into  the  meter. 

The  box  is  also  fitted  with  inlet  and  outlet  unions,  fixed 
in  a  water-tight  manner  to  the  box,  and  an  incor- 
rodible metal  service  inlet,  with  plug  for  cleaning 
out  stand-pipe.  The  external  lid  covers  these  arrangements, 
so  that  they  are  at  any  time  accessible  without  breaking 
the  ground  or  disturbing  the  pavement.  The  external  lid 
and  frame  are  adjustable,  by  means  of  four  screws,  to  the 
pitch  of  the  pavement  in  any  direction. 

The  meter  is  provided  with  levelling  screws  and  flexible 
joint  with  strong  gun-metal  union,  and  is  provided  with  a 
new  form  of  index,  which  is  made  of  bronze,  has  no  pinions, 
and  only  one  large  wheel.  It  can  be  rapidly  read  in  any 
direction.  It  is  provided  with  a  compensator  and  water- 
line  regulator.  An  independent  back  and  front  enables  the 
working  parts  of  the  meter  being  lifted  bodily  out  of  the 
case  for  the  purpose  of  repairing  and  for  adjusting  the  bear- 
ings— which  may  be  done  by  an  unskilled  mechanic  rapidly 
and  surely  on  the  spot. 

After  having  passed  through  the  meter,  the  gas  ascends 
by  a  pipe  placed  in  the  usual  manner  in  the  lamp  column 
until  it  reaches  a  brass  cock  placed  between  the  top  of  the 
post  and  the  underside  of  the  lantern.  This  cock  is  opened 
and  closed  by  means  of  two  short  brass  arms,  curved  down- 
wards, so  as  to  be  readily  caught  by  the  end  of  the  lighting 
torch.  The  plug  is  made  longer  than  usual,  for  the  puipose  of 
securing  tightness  and  resisting  the  blow  of  the  lighting 
torch  w^hen  used  with  rapidity,  and  the  stops  are  so  placed 
that  the  plug  cannot  make  more  than  a  quarter  of  a  revolu- 
tion. This  arrangement  ensures  the  opening  of  the  cock  to 
to  the  full  extent  whenever  the  lamp  is  lighted,  without 
requiring  care  on  the  part  of  the  lamp  lighter,  who  has 
merely  to  push  up  the  lever  as  far  as  it  will  travel,  and  who 
would,  indeed,  have  some  difliculty  in  opening  the  cock 
only  partially,  were  he  even  disposed  so  to  do. 
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immediately  above  the  cock,  but  inside  the  lantern,  is 
placed  the  governor,  an  iastruraent  without  which  the 
system  of  average  meter  indication  could  never  have  been 
satisfactorily  adopted. 

Meters     were    attached    in    the    case    of    Nottingham 
to  one  lamp  in    twelve,  the   lighting  authorities  having 
elected     to     have     that    proportion,    although    the    gas 
company  were   willing    to  adopt  one   in  twenty;    it    is, 
consequently,  of  the  utmost  importance  that  the  governors 
and  burners  of  any  one  series  of  twelve  lamps  should  each 
be  accurately  adjusted  to  consume  an  equal  quantity  of  gas^ 
otherwise  the  metered  ]amp  would  cease  to  afford  a  correct 
indication  of  the  consumption  of  the  whole  of  the  remaining 
eleven  lamps.    The  governors,  with  their  burners  attached, 
are  therefore,  in  the  first  instance,  separately  adjusted  to  a 
consumption  of  5  cubic  feet  of  gas  per  hour ;  they  are  then 
placed  twelve  in  a  row,  and  are  again  tested  for  an  hour, 
when,  if  the  total  consumption  during  that  time  is  found  to 
be  60  cubic  feet,  they  are  issued  for  fixing  to  the  lamps,  the 
governor  and  burner  for  the  metered  lamp  being  taken 
indiscriminately  from  the  set  of  twelve.     Care  is,  however, 
taken  to  keep  each  set  distinct,  and  in  the  event  of  any 
future  readjustment  or  repair  being  required  to  the  governor 
or  burner  of  any  one  of  the  set,  the  remaining  eleven  are 
also  removed  from  the  lamps,  and  the   whole  are  again 
tested  together  before   being  refixed.      With    these  pre- 
cautions no  difficulty  is  experienced  in  maintaining  uni- 
formity of    consumption   in  both    the    metered  and  the 
unmetered  lamps. 

It  is  of  the  greatest  importance  that  the  meters  should  be 
regularly  tested — say,  once  in  two  years.  By  the  use  of  a 
portable  test  meter,  the  inspection  can  be  made  with  the 
meter  in  situ ;  but  regard  must  be  had  to  the  temperature. 
Thus,  in  very  cold  weather,  or  when  it  is  extremely  hot,  it 
is  well  to  pass  about  15ft.  through  before  commencing  a 
test. 
Faiiable  Standard  Test  Meter.— This  meter  (Fig.  144), 
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which  ia  especially  constructed  for  portability,  is  used  to 
t«st  meters  in  situ.,  and  thus  avoid  the  inconvenience  and 
expense  connected  with  their  removal  to  a  testing  office. 

It  is  provided  with  stout  levelling  screws,  two  spirit 
levels,  two  pressure  gauges,  two  water-level  gauges,  and  a 
thermometer.  For  safety  during  removal  the  gauges  and 
thermometer  are  disconnected,  and  the  apertures  arc  closed 
by  caps,  which  are  attached  to  the  meter  by  small  chains. 
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The  glass  in  front  of  the  dial  is  protected  by  a  metal  door, 
which  can  be  secured  by  a  padlock.  The  case  ia  made 
extra  strong,  and  is  provided  with  two  stout  handles. 

The  results  of  the  application  of  the  average  meter 
system  in  Nottingham  may  be  summarised  as  follows,  the 
figures  given  being  confined  to  a  period  of  eighteen 
months : — The  indices  of  the  meters  were  recorded 
monthly,  and  returns  made  both  monthly  and  quarterly 
showing  the  situation  of  each  metered  lamp,  the  state  of  the 
index,  the  number  of  cubic  feet  of  gas  consumed  during 
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that  pariod,  the  number  of  hours  during  which  the  lamp 
was  alight,  and  the  consumption  per  hour  hy  each  lamp. 

The  Tabic  XLI V.  shows  the  results  of  the  eighteen  months* 
working. 

Table  XLIV. 

Table  shoiving  the  Betults  of  the  System  of  Average  Meter  Indication 
as  applied  to  tlie  Public  Lamps  within  the  Town  of  Nottingham^ 
during  the  Eighteen  Months  ended  March  81»^  1868. 
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CHAPTER  XVI. 

TORCH   LIGHTING  AND    EXTINGUISHING. 

This  system  which,  since  its  introduction  into  England 
a  comparatively  short  time  since,  has  been  constantly  in- 
creasing in  favour,  is,  however,  no  new  thing,  for  on  the 
Continent  it  has  been  practised  for  a  very  long  time. 

However  it  may  have  succeeded  there,  it  was  neverthe- 
less clearly  unsuited  to  the  system  of  lighting  adopted  in 
this  country,  until  the  application  of  governors  and  steatite 
burners  to  street  lamps.  With  these  improvements  it  is 
found  to  work  uncommonly  well,  because  a  simple  move- 
ment is  all  that  is  necessary  to  turn  on  the  gas,  which 
requires  no  adjustment,  and  if  the  lamplighter  brushes  his 
burners  when  he  cleans  the  lamps,  he  may  confidently 
depend  upon  the  shape  of  the  flame  being  alwaj^s  good. 
The  turning  off  of  the  gas  has  for  many  years  been  done 
almost  everywhere  with  the  aid  of  a  stick,  and  to  this 
cause  may  be  traced  the  almost  universal  loss  of  one  or 
more  of  the  bottom  glasses  which  ought  to  be  found  in 
every  street  lantern. 

A  proper  amount  of  ventilation  is  necessary,  or  the 
lanterns  would  soon  fall  to  pieces  from  the  heat  generated 
by  the  combustion  of  what  is,  considering  the  size  of  the 
chamber  in  which  it  is  consumed,  a  very  large  quantity  of 
gas ;  but  no  one  who  sees  the  flames  blowing  about  in  the 
manner  they  do  can  reasonably  say  that  the  best  way  of 
ensuring  that  result  is  attained  by  the  absence  of  the 
bottom  of  the  lantern.  It  is  very  probable  that  the  loas  of 
gas  and  consequent  less  of  light  caused  by  this  strong 
draught  would  compensate  in  a  very  short  time  for  the 
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expciLse  of  putting  in  the  bottoms  and  keeping  them  in 
proper  repair.  In  Paris  the  gas  company  ha-s  become  bo 
strongly  convinced  of  this  fact  that  they  have  gone  to  a 
very  considerable  expense  in  fitting  to  the  lanterns  an 
arrangement  of  plate  glass  mounted  upon  a  brass  swivel 
fixed  on  the  supply  pipe,  which  is  opened  and  closed  by 
the  lamplighter  when  he  lights  the  lantern,  the  hole 
through  which  the  supply  enters 

the     lantern     being     carefully  

stopped,  if  not  by  the  arrange- 
ment just  spoken  of,  then  by 
putty. 

The  torch  -  lighting  system 
requires  but  little  explanation, 
and  is  as  follows,  viz.: — 

The  lamplighter  is  provided 
with  a  torch  (Fig.  145),  which  is 
simply  a  small  lamp  in  a  brass 
ease,  the  top  part  of  which  is 
drilled  full  of  holes  to  admit  air 
to  the  flame,  but  so  guarded  by 
an  inner  screen  that  the  wind 
or  a  violent  motion  in  carrying 

it  about  will  not  extinguish  it,  i 

and  mounted  upon  a  light  stafi^,  [ 

varying  in  length,  and  jointed 
or  not  as  may  be  required. 
With  this  he  hits  the  lever  of 
the  cock  (Fig.  146)  on  one 
side  to  turn  it  on.  and  the  other 
to  shut  it  off.    There  is  a  little  ■^'*  '*'' 

hole  at  the  top  of  the  torch  which  projects  a  ray  of  li^ht 
npon  the  lever  sufficient  to  enable  the  lighter  to  find  it 
upon  a  dark  night. 

Note.— Od  rainj  nights  the  torch  should  not  be  carried  pertectl; 
Qpright,  or  a  drop  of  rain  falling  into  thiB  email  hole  may 
extinguish  the  light. 
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Immediately  the  cock  is  turned  on  the  toi-ch  slips  off  the 
lever,  ami  striking  the  glass  flap,  which  is  hung  oa  a 
piece  of  brass  tube  soldered  along  the  back  of  the  framo 
of  the  lamp  into  which  it  fits,  lifts  it,  and  passing  up 
ignites  the  gas  immediately;  the  torch  being  withdrawn 
the  flap  falls  of  itself. 

It  is  obvious  that  to  ensure  the  success  of  the  system, 
nnd  prevent  loss  of  gas,  it  is  essential  that  the  stops  of  the 
cocks  should  be  sufficiently  strong  to  withstand  the  con- 
tinual blows  of  the  torch. 


Flj.  146. 

Lever  Ccds  for  Large  and  Small  iam^j?.— These  cocks 
are  fitted  with  stout  knobs  at  the  ends  of  the  levers,  and 
with  a  pointer  to  indicate  whether  the  gas  is  off  or  on. 

Triple  Le>:cr  Cock  for  Large  La7nps(Fig.  146). — This  was 
invented  for  the  purpose  of  facilitating  the  lighting  and 
extinguishing  lamps  in  which  it  is  required  to  reduce  the 
consumption  of  gas  after  midnight. 

When  the  full-power  lighting  is  turned  on  the  pointer 
(Fig.  14(i)  is  upright. 

When  the  midnight  supply  is  on  tlic  pointer  is  turned  in 
the  direction  of  tlic  elbow  canying  that  supply  pipe.     When 
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the  pointer  ia  turned  in  the  opposite  tlircction,  it  inilicates 
that  the  gas  is  entirely  shut  off'. 

In  the  case  of  large  Ianip.i  in  which  it  is  required  to  have 
a  reduced  consumption  of  gaa  after  certain  hours,  and  in 
addition  to  that  a  flash-liglit  which  is  always  burning,  the 
arrangement  represented  in  Fig.  1+7  has  proved  the  most 
satisfactory.  This  onablea  the  lamplighter  to  have  the 
main  ring,  or  cluster  of  flames,  alight  without  the  centre 
one. 

FoiUger  Patent  Torch  (Fig.  148}.— One  of  the  most 
modem   and    satisfactory  torches  was  introduced  to  meet 


the  requirements  of  the  incandescent  -system  of  street 
lighting.  By  its  means  flash-lights  and  flap-doors  art- 
abolished,  thus  effecting  a  considerable  saving  in  the 
mantles. 

Fig.  14y  shows  a  special  lantern  to  be  used  with  the 
torch,  the  essential  feature  of  which  ia  the  ball-trapped 
door  introduced  by  Mr.  Sugg,  The  toich  designed  by 
Mr.  Foulger,  as  it  enters  the  door,  pushes  the  ball  to  one 
side,  and  when  the  torch  is  withdrawn  the  ball  returns 
dowu  the  inclined  plane  and  closes  the  opening,     The  rod 
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of  the  torch  ia  fitted  with  a  sliding  device,  which  is  gripped 
by  the  hand  and  pulled  downwards  when  the  gas  is  to  l>e 
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lit.      This    action   releases   the    spirit    lamp,    which    tlien 
inclines  over  the  uiantlc  and  lights  the  gas. 

jf/te  Slminatice  and  Ahady  System  of  Lujktiwj  Incan- 
descent Street  ' Lampa. — This  consists  of    two   forms,  one 


V 


(Fig.  149)  being  a  special  triple-ported  cock,  with  a  sliuit 
tube  running  up  tlic  corner  of  the  lantem,  and  which  tube 
is  perforated  for  a  jet.  Tlie  ordinary  lamplighter's  torch  is 
used  to  turn  the  cock  half  on,  giving  gas  to  both  the  jet 
tube  and  the  incandescent  burner     Tlic  torch  is  inserted  in 
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the  lanteni  and  tho  jet  ligliteil  (Fig.  150),  flashiug  across 
and  lighting  the  burner.  The  cock  is  then  turned  full  on, 
which  extinguishes  the  jet,  leaving  the  burner  alight.  The 
second  foriu  is  a  special  torch  (Fig.  151)  which  contaLas, 
besides  the  ordinary  colza  oil  reserve  ir,  a  carburetter  con- 


taining benzuliuc.  The  vapour  of  this  latter  is  blown  across 
the  colza  flame  by  a  sudden  pressure  of  the  hand 
on  the  flexible  cover  of  an  air  reser\-oir  in  the 
handle,  and  issues  at  the  side  of  the  torch  as  a 
pencil  of  ignited  gas,  some  6in.  or  bin.  in  length.  Thus  the 
incandescent  burner  is  lighted  without  approaching  the 
torch   within  Sin.  of  the  mantle  (see  Fig.  l-'>2),  preventing 
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Fig.  152 
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the  accidents  which  occur  when  torches  are  approached 
within  an  inch  or  so  of  the  burner  in  the  endeavour  to 
li^ht.  This  S.  and  A.  torch  is  used  largely  in  England, 
and  most  of  the  incandescent  burners  in  Paris  and  Vienna 
streets  are  also  lighted  by  the  system. 
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CHAPTER  XVII. 

STREET  LIGHTING  TABLE. 

In  order  to  avoid  disputes,  it  has  always  been  necessary 
that  the  lamplighters  should  work  according  to  a  properly- 
constructed  lighting  table. 

These  tables  are  now  mostly  made  up  from  the  data 
given  in  the  Nautical  Almanack.  As  will  be  seen  by  an 
inspection  of  the  various  curves  given,  such  tables  can  only 
be  accurate  for  certain  places. 

By  the  use  of  Mr.  Sugg's  lighting  diagrams,  extended 
and  rendered  applicable  to  all  parts  of  the  world  by  Mr.  Jas.  T. 
Brown,  accurate  tables  may  be  constructed  for  any  part  of 
the  globe.  The  curves  on  the  accompanying  Diagrams  F  and 
G  have  been  calculated  from  astronomical  data.  The  horizon- 
tal lines  are  at  intervals  of  one  week,  and  the  perpendicular 
lines  represent  the  hours  of  the  day  and  night.  The  curve 
which  crosses  and  re-crosses  the  noon  line  shows  the  irre- 
gularity in  the  sun's  time. 

The  following  are  the  places  to  which  the  various  curves 
refer : — 

CuavES. 

No.  1.    Lat.  64^  North.— 

Norway,  N.  of  Christiana.        BuBsia,  N.  of  St  Petersburg 
Sweden,  N.  of  Stockholm. 

No.  2.    Lat.  58°  North.— 

Scotland.  Bussia,  N.  of  Warsaw. 

England,  N.  of  York.  Denmark. 

Ireland,  N.  of  Belfasti  Norway,  S.  of  Ghristiania. 

Bussia,  S.  of  St.  Petersburgi  Sweden^  S.  of  Stockholm. 
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Curves. 

No.  8.    Latitude  of  London. — 

England,  S.  of  York. 

Ireland,  S.  of  Belfast. 

BuBsia,  S.  of  Waxsaw. 

France,  N.  of  Bordeaux. 

Belgium. 

Hollajid. 

No.  4.    Lat.  35°  North.— 
Spain. 

France,  S.  of  Bordeaux. 
Portugal. 
Italy,  S.  of  Turin. 
Turkey. 

Turkey  in  Asia. 
Persia. 

No.  5.    Lat  14°  North.— 

India,  S.  of  Allahabad. 
Africa  -  ^''  0/ Equator. 
1 S.  of  Egypt 


Switzerland. 

Canada. 

United  States,  N.  of  Oregon. 

Austria. 

Germany. 

Prussia. 

Egypt 

Algeria. 

United  States,  S.  of  Oregon. 

Greece. 

India,  N.  of  Allahabad. 

China. 

Japan. 

South    America,    IT.     of     the 
Equator. 

Canton. 


— Equator — 


No.  6.    Lat.  14°  South.— 
Northern  Australia. 


S  Ame  ic    '  ^'  °'  ^^^  Janeiro. 
Africa  -^  ^"  °^  *^®  Equator.  '  i.  S.  of  the  Equator. 

IN.  of  Cape  Colony. 


No.  7.    Lat.  35°  South.— 
Southern  Australia. 
Cape  Colony. 

No.  8.    Lat.  49°  South.— 
Cape  Horn. 
Tasmania 


S.  America 


( S.  of  Bio  Janeiro. 
( N.  of  C.  Corriento. 


New  Zealand. 


In  order  to  impress  more  firmly  the  fact  that,  while 
countries  north  of  the  equator  are  having  long  days,  those 
south  of  the  equator  are  having  long  nights,  the  table  may 
be  divided  into  two  portions  at  midsummer.  The 
numbers  at  the  bottom  of  the  curves  will  then  show  that 
their  relative  positions  are  reveraed. 

In  the  arrangement  on  the  diagrams  the  spaces  between 
the  curves  of  the  same  title  indicate  the  length  of  the  day 
in  various  parts  of  the  world,  as  enumerated.     The  reversed 
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order  points  out  to  the  gas  engineer  the  number  of  hours  of 
darkness  under  various  circumstances  of  time  and  place,  and 
enables  him  to  construct,  on  an  accurate  basis,  a  liorhtinsr 
table  suitable  to  the  requirements  of  the  locality. 

Koughly  speaking,  the  hours  between  sunset  and  sunrise 
amount  in  the  course  of  a  year  to  4300,  and  some  vestries 
make  their  contracts  for  public  lamps  on  this  basis.  The 
majority,  however,  take  advantage  of  the  twilight  and  dawn, 
especially  during  May,  June,  and  July,  and  by  lighting  later 
and  extinguishing  earlier,  they  reduce  the  number  of  hours 
to  3940.  Some  reduce  the  number  of  hours  of  lighting  to 
3836,  while  some  even  adopt  the  rule  of  lighting  half-an- 
hour  after  sunset  and  extinguishing  one  hour  before  sunrise, 
thus  bringing  the  total  down  to  3760. 

In  country  districts  the  moon  is  often  taken  into  considera- 
tion. In  those  parts  the  instructions  are  that  the  lamps  are  to 
be  lighted  one  hour  before  the  moon  sets  and  extinguished 
one  hour  after  the  moon  rises.  This  rule  only  gives  about 
2300  hours  of  lamplight. 

The  following  table  gives  the  monthly  totals  of  lamplight 
for  the  yearly  totals  of  4300,  3940,  and  3836  hours  at  all 
places  mentioned  under  curve  3. 


Table 

XLV 

• 

H.     M. 

la»      M* 

H.    M* 

January 

...     4o4  'a     ... 

466-0    ... 

...     457-13 

February     ... 

...     397'46  ... 

378-16  ... 

...     370-16 

March 

...     875-35  ... 

846-59  ... 

...     838-12 

April 

...     303*54  ... 

269-6     ... 

...     260-35 

May 

...     260-23  ... 

211-23  ... 

...     202-86 

June 

...     224-31  ... 

174-55  ... 

...     166-25 

July 

...     246-18  ... 

199-16  ... 

...     190-28 

August 

...      Z\j^  *  X     ... 

254-58  ... 

...     246-11 

September  ... 

...     841-64  ... 

310-53  ... 

...     302-23 

October 

...    414-41  ... 

39714  ... 

...     388-27 

November    ... 

...     454-57  ... 

444-32  ... 

...    436-20 

December    ... 

...     601-59  ... 

486-30  ... 

...     477-36 

4300  0  3940-0  3886  24 
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But  the  distribution  of  those  hours  over  the  month  is  a 
matter  of  considerable  importance  if  it  is  desired  to  avoid 
the  absolute  waste  of  gas  which  must  result  from  the  use  of 
defective  lighting  tables,  not  constructed  on  proper  astro- 
nomical data. 
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CHAPTER    XVIII. 

EFFECTS     OF    IMPROVED     METHODS    OF     LIGHTING     BY     GAS. 

Saving  Effected  by  hnproved  Methods  of  Illumination. — 
It  is  exceedingly  difficult  to  obtain  reliable  statements  as 
to  the  effect  of  improved  systems  of  artificial  illumination 
in  consequence  of  the  many  factore  entering  into  the 
question.  It  is  therefore  with  peculiar  pleasure  that  the 
writer  is  able  to  point  to  the  following  extracts  from  the 
official  report  of  the  Asylums  Committee  of  the  London 
County  Council,  in  which  the  excellent  engineer  of  the 
Committee,  Mr.  Wm.  Chas.  Clifford  Smith,  M.I.C.E.,  reports 
the  results  of  alterations  carried  out  by  him  on  the  lines 
of  previous  reports  made  by  the  writer  in  his  former 
official  capacity. 

Extract  from  "  The  Tenth  Annual  Report  of  the  Asylums 
Committee  and  the  Sub-committees  of  Banstead,  Cane  Hill, 
Claybury,  Colney  Hatch,  Hanwell,  the  Heath  (Bexley), 
and  Horton  Asylums."  London  County  Council,  No.  441. 
1899. 

Page  55  :— Portion  of  "  Asylums  Engineer  s  Report 
to  the  Sub  -  committee  of  Cane  Hill  Asylum,  April, 
1899." 

"  Gas  Consumption, — A  small  addition  to  the  number  of 
incandescent  burners  has  been  made  in  the  year,  there 
being  910  now  in  use,  against  832  when  I  last  reported. 
While  the  lighting  gives  full  satisfaction,  the  gas  bill  con- 
tinue9    to    decrease.     The   following    return    shows  very 
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clearly  how  the  extended  use  of  the  special  burners  has 
affected  the  consumption  of  gas : — 

Four  quarters  ended-  '^'cu'brf^^' 


Lady-day,  1895,  ordinary  burners,  and  6  incan 

de&cent  burners  in  use 

Lady-day,  1896,  ordinary  burners,  and  450 incan 

descent  burners  in  use 

Lady-day,  1897,  ordinary  burners,  and  742  incan 

descent  burners  in  use 

Lady-day,  1898,  ordinary  burners,  and  882  incan 

descent  burners  in  use  ... 
Lady-day,  1899,  ordinary  burners,  and  910  incan 

descent  burners  in  use  ... 


•t«         •••         •••         •• 


13,105,090 
12,247,070 
10,656,000 
10,380,710 
9,457,920 


It  is  to  be  borne  in  mind  when  comparing  the  returns 
that  the  incandescent  burner  displaces  at  least  one  ordinarj'^ 
burner  and  frequently  several,  but  in  eveiy  case  an  im- 
provement in  the  lighting  is  obtained.  This  was  and  is 
the  sole  object  of  the  change.  The  total  saving  effected  by 
the  decrease  in  gas  consumed  for  the  period  under  review, 
in  comparison  with  the  expenditure  for  gas  in  1894-5,  is 
as  follows : — 

£     8.    d.        £    ff.    d. 

3,647,170  cubic  feet  gas  (decreased  con- 
sumption)        413    6    5 

Account  for  burners,  mantles,  rods, 

chimneys,  &c 176  11    9 

Wages  of  fitter,    52   weeks  at  36s., 

engaged  in  attending  to  lighting    93  12    6    270    4    8 

Clear  saving    J£143    2    2 

The  effect  of  improved  methods  of  street  lighting  by 
means  of  the  Welsbach  system  is  well  illustrated  by  the 
following  two  most  valuable  reports  made  by  Mr.  C.  R. 
Bellamy,  Assoc.  M.  Inst.  C.E.,  the  able  City  Lighting 
Engineer  of  Liverpool.  Reporting  on  the  23rd  July,  1897, 
Mr.  Bellamy  stated  that : — 

The  incandescent  gas  burner  (Welsbach  patent)  came  into  practical 
use  in  1893,  and  was  first  adopted  in  Liverpool  for  street  lighting  pur- 
poses in  May,  1894.    The  advantage  ofifered  hy  this  form  of  burner 
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was  a  much  higher  light  efficiency,  developing  in  Liverpool  a  maxi- 
mum of  20  candles  per  foot  of  gas,  as  compared  with  four  candles  with 
the  best  type  of  ordinary  flat- flame  burner.  For  comparative  purposes 
it  is  necessary  to  base  calculations  on  a  much  lower  efficiency,  as  in 
practice  it  is  found  that  there  is  a  continuous  depreciation  of  the 
mantle  during  use.  A  large  number  of  tests  of  new  mantles,  and 
those  that  have  been  in  use  for  varying  periods  between  one  and  nine 
months,  show  that  an  average  efficiency  of  18  candles  throughout  the 
useful  life  of  the  mantle  may  be  assumed. 

On  this  calculation  the  incandescent  gas  burner  is  shown  to  jield 
more  than  three  times  the  light  of  the  ordinary  flat-flame  burner  con- 
suming the  same  amount  of  gas.  The  first  experiment  on  a  large 
scale  in  Liverpool  was  carried  out  in  Lime-street,  where  154  burners 
were  fixed  in  the  then  existing  high-power  lamps,  in  clusters  of  two  or 
three,  in  place  of  flat-flame  burners.  The  gas  consumption  under  the 
flat-flame  system  was  exceedingly  high,  amounting  to  4,291,819ft.  per 
annum,  which  was  at  once  reduced  by  the  adoption  of  the  incandescent 
gas  burner  to  940,041ft.,  effecting  a  saving  in  the  gas  charge  of 
JS502  18s.  lOd.  per  annum. 

The  disadvantages  attending  the  use  of  the  incandescent  gas  burner 
were  principally  the  difficulty  in  lighting  the  burner  surrounded  by  a 
glass  chimney,  and  the  fragility  of  the  mantle,  rendering  frequent 
replacements  necessary.  Owing  to  the  unsuitable  construction  of  the 
Lime-street  lamps  it  was  found,  as  the  result  of  a  year's  working,  that 
each  burner  required  on  an  average  the  following  renewals,  viz. : — 

XU AU wl vB   ,««        •••         ■••         ••.         •••         9««        ,««        ••■        •■•         •••  JO 

lyuiixindy  8      Ja 

Mftotle  rods 8 

amounting  in  the  aggregate,  under  the  then  existing  prices,  to  an 
annual  maintenance  charge  (including  a  labour  item  of  Is.  5d.)  of 
20s.  8d.  per  burner. 

At  that  time  the  most  approved  method  of  lighting  was  by  means 
of  a  small  by-pass  or  pilot  light,  provided  within  the  mantle,  which 
remained  lighted  during  the  day,  for  the  purpose  of  igniting  the  main 
supply  when  turned  on  by  the  lamplighter  at  lighting  time.  It  was 
found,  however,  in  practice,  that  these  pilot  lights  were  unreliable,  a 
proportion  of  them  becoming  extinguished  during  the  day,  necessi- 
tating a  special  visit  of  the  lamplighter  with  a  ladder  after  completing 
the  lighting  of  his  district.  Added  to  this  was  the  deterioration  of  the 
mantle  due  to  its  use,  and  the  cost  of  the  maintenance  of  the  pilot 
light,  the  consumption  of  gas  for  the  purpose  being  assessed  at  *25ft. 
per  hour,  which  amounted  to  an  annual  consumption  of  1428  cubic 
feet,  involving  an  addition  to  the  ordinary  lighting  charge  (with  gas 
at  8s.  per  1(X)0)  of  4b.  8d.  per  burner  per  annum. 

It  wa9  therefore  foppd  that,  under  the  closest  supervision,  the 
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renewals  and  the  additional  gas  for  the  pilot  light  involved  an  aggre- 
gate annual  charge  ot  £1  4s.  6d.  per  burner  in  excess  of  the  ordinary 
gas  burner,  which  was  regarded  as  unsatisfactory. 

Efforts  were  made  to  reduce  this  charge  by  abolishing  the  pilot 
light  and  lighting  the  burner  by  means  of  a  match  and  ladder.  This 
was  found  both  costly  and  inconvenient  to  the  public,  and  further 
efforts  were  made  to  obtain  a  lamp  in  which  the  burner  should  be  used 


B  lT.vni4rafe  ra^ 


lioyni*  Currier 


Fis.   153. 


uarrufC  mm 


Fig.  154. 


under  the  best  conditions  in  respect  of  ventilation,  suitability  of 
position,  freedom  from  vibration,  and  capable  of  being  lighted  by  the 
lamplighter  in  the  same  way  as  the  ordinary  lamp,  viz.,  by  means  of 
a  torch  and  pole. 

This  resulted  in  the  production  of  the  lamp  at  present  in  use,  which 
is  shown  on  the  accompanying  drawings,  where:— -A  (Figs.  163 
to  155)  is  the  air  inlet.  B  the  ventilating  top.  C  the  lighting  doors^ 
two  bein([  provided,  fixed  in  line  wi^  the  street,  to  enable  the  lamp- 
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lighter  to  use  the  door  on  the  side  of  the  lamp  opposite  to  the  direc- 
tion of  the  wind,  the  lamp  being  lighted  by  thrusting  the  torch  through 
the  lighting  door  into  the  box  marked  K,  where  the  gas,  escaping 
through  the  chimney  L,  is  lighted.    D,  cleaning  door  with  lock. 

As  all  the  products  of  combustion  are  carried  by  means  of  the 
ohiomeys  into  the  lighting  box  beyond  the  glazed  portion  of  the 
lantern,  internal  cleaning  is  necessary  only  at  long  intervals.   Frequent 
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Fig.  155. 

access  is  therefore  not  required,  and  the  locking  of  the  door  prevents 
interference  with  the  burners.  E,  suspension  platform.  F,  suspen- 
sion wires  and  springs. 

The  springs  permit  of  the  platform  being  depressed,  which  draws 
the  glass  chimney  out  of  the  copper  chimney  and  permits  of  the 
renewal  of  the  parts  without  disconnecting  the  platform  £.  G, 
flexible  tubes.  H,  three-way  cook,  for  double-burner  lamp.  This  is 
sp  arranged  that  either  or  both  of  th^  burners  may  be  used,  the 
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practice  being  to  light  both  until  midnight,  and,  with  weekly  alterna- 
tions, one  of  the  burners  remaining  lighted  until  daybreak.  I, 
enamelled  steel  reflector,  acting  as  a  baffle  plate  to  the  fresh  air  supply. 
J,  opal  glass  reflectors.    M,  wire  gauze  cup  to  prevent  back  lighting. 

It  has  been  stated  at  various  times  that  the  lighting  of  a  burner  over 
the  chimney  is  detrimental  to  the  mantle,  but  it  has  been  found  in 
Liverpool  to  be  a  distinctly  beneficial  process,  as  it  does  away  with  a 
continuous  passage  of  air,  Iciden  with  the  products  of  combustion 
arising  from  a  luminous  flame,  and  the  dust  of  the  atmosphere,  due  to 
the  use  of  the  by-pass  jet  within  the  mantle  during  the  hours  of  day- 

Tablb  XLVI. 
JUvmincUing  Power  Test*  of  Incandetcent  Gat  Mantlet  Removed  from  Dittrict, 


Date  of  fixing. 

Date  of  test 

Months 
in  use. 

Lamp 
hours. 

Cindle- 
power.* 

br.     mio. 

9th  Oct.,  1896 

15th  July,  1897 

9 

2378    57 

3408 

II 

16th  July,  1897 

9 

2383    87 

3005 

II 

II 

9 

2383    87 

25. 18 

14th  Oct.,  1896 

15th  July,  1897 

9 

2331    31 

27-64 

,1 

9 

2331    34 

41  02 

II 

9 

2331    34 

28. 47 

II 

9 

2331    34 

3907 

II 

9 

2331    34 

27-56 

15th  Oct.,  1896 

9 

2822      6 

32. 59 

16th  Oct ,  1893 

9 

2312    37 

30. 46 

II 

9 

2312    37 

2717 

29th  Oct,  1896 

7th  July,  1897 

8 

2144    41 

27- 88 

5th  Nov.,  1896 

15th  July,  1897 

8 

2110      3 

88. 01 

16th  Dec,  1896 

7th  July,  1897 

7 

1609    48 

2643 

II 

7 

1609    43 

25. 19 

17th  Dec.,  1896 

7 

1698      1 

34-41 

24th  Dec,  1896 

6 

1516      3 

32. 03 

30th  Dec,  1893 

6 

1446      3 

87. 28 

3Ist  Dec,  1896 

6 

1434    23 

34. 80 

It 

6 

1434    23 

3086 

*  Consumption  fixed  by  governor  at  3  cubic  feet  per  hour. 

light,  and,  as  a  subsequent  table  shows  that  a  number  of  mantles  have 
been  in  use  under  this  system  for  nine  months,  or  2341  hours,  with 
an  average  efficiency  at  the  end  of  this  time  of  10  89  candles  per  foot 
of  gas,  it  must  be  admitted  that  this  system  of  lighting  is  beneficial  to 
the  mantle,  and  is  the  most  satisfactory  yet  adopted. 

There  are  now  1783  burners  in  use,  out  of  a  total  of  2051  ordered  by 
the  Committee  to  date  ;  in  901  of  these  lamps,  882  being  fitted  with 
double  and  19  with  single  burners,  the  total  work  ordered  to  date 
dealing  with  19  miles  of  streets.  A  large  number  have  been  subjected 
to  most  severe  tests,  extending  through  the  stormy  autumn  and  spring 
of  1896-7,  in  positions  embracing  many  of  the  streets  of  maximum 
heavy  vehicular  traffic  and  exposure. 

It  was  thought  desirable  not  to  allow  the  lamplighters  to  u^dertake| 
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the  renewals  of  mantles,  &c.,  and  an  inspector  has  been  appointed, 
whose  duty  it  is  to  visit  each  of  the  lamps  two  or  three  times  a  week, 
under  a  carefully-organised  route  table,  during  the  lighting  hours,  and 
to  report  daily  upon  the  condition  of  the  lamps  and  as  to  requisite 
renewals,  which  are  ultimately  carried  out  by  an  experienced  and 
independent  fitter. 

This  special  supervision  and  treatment,  though  most  effective,  adds 
2s.  per  annum  to  the  maintenance  charge  per  burner,  and  it  is  hoped 
that  ultimately  it  wiU  be  found  practicable  to  transfer  the  work  to  the 
ordinary  lamplighting  staff  under  a  greatly  reduced  charge. 

A  carefully  prepared  register  has  been  kept  of  each  burner,  showing 
the  date  of  fixing  and  all  subsequent  renewals,  &c. 

An  Analysis  of  this  has  been  made,  which  shows  that  a  considerable 
number  of  mantles  have  been  in  use  for  over  six  months,  and  others 
for  seven,  eight,  or  nine  months,  without  requiring  renewal.  A 
number  of  these  have  been  brought  in  for  photometric  testing,  with 
the  results  given  in  Table  XL VI. 

As  already  pointed  out,  the  mantles  in  use  for  nine  months  show 
an  average  lamp  hour  life  to  date  of  2841,  whilst  the  average  useful 
life  of  the  mantle  over  the  whole  of  the  system  is  found  to  be  1187 
lamp  hours.  The  average  annual  renewals  per  burner  have  worked 
out  as  follows : — 


Mantles 
Chimneya  .. 
Mantle  rods 


26 
2-3 
0-23 


at  a  cost  of  8s.  lid.,  to  which  is  to  be  added  the  cost  of  supervision 
and  labour  of  2s.  per  burner,  making  a  gross  annual  charge  of  5s.  lid. 
in  excess  of  the  ordinary  fiat-fiame  burner,  as  compared  with  £1  4s.  6d. 
under  the  first  system,  being  a  reduction  of  75  per  cent,  in  the  main- 
tenance charge  of  the  incandescent  gas  burner  due  to  the  adoption  of 
the  new  lamp. 

For  the  purpose  of  enabling  the  Committee  to  arrive  at  an  estimate 
of  the  relative  value  of  the  present  incandescent  gas  lamp  as  compared 
with  the  ordinary  flat-fiGime  burner  }amp,  the  following  Table  XLYII. 
of  the  first  cost  and  annual  maintenance  has  been  prepared  : — 

Table  XLVII. 


Description  of 
lamp. 

Gas  charge  at 
23.  6d.  per 

1000  cnbic  feet 
per  annum. 

ATerage 
illumi- 
nating 
power. 

First  cost 
of  lamp 

and 
fixing. 

Total 
annual 
charge. 

D  juble-bomer  inoandescent  lamp 
Single-bnmer  incandescent  lamp 
Ord inary  flat-flame  burner 

£   B.  d. 
2    3  11 

18  8 

19  3 

candles. 
80 

40 

16 

£    B.   d. 
2    7    5 

1  17    4 

1    1    1 

£   8.   d. 
3  12    9 

2  11    2 

2    6    3 
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The  above  figures,  which  are  useful  for  comparative  purposes,  do 
not  supply  the  most  important  information,  viz. : — The  cost  of  fixing 
the  new  lamps  in  lieu  of  the  existing  flat-fiame  burner  lamps,  which  is 
as  follows,  viz. : — 

£   s.    d. 

Double-burner  lamps 1  11    6 

SiDgle-bumer  lamps    115 

These  prices  are  lower  than  the  first  cost  in  the  statement  above, 
owing  to  the  credit  allowed  for  the  ordinary  lamp  superseded,  and 
which  is  taken  into  stock  at  20  per  cent,  under  first  cost,  for  re-fixing 
in  other  parts  of  the  City.  This  has  rendered  the  further  purchase  of 
ordinary  lamps  unnecessary. 

Though  the  experience  of  the  past  three  years  has  conclusively 
proved  that  the  incandescent  gas  burner  cannot  be  used  with  com- 
plete success  in  the  ordinary  form  of  lantern,  and  therefore  a  some- 
what heavy  first  expenditure  is  involved  in  the  adoption  of  the 
system,  the  subsequent  advantages  are  so  great  that  a  general 
extension  appears  irresistible." 

Following  the  above  report,  Mr.  Bellamy  further  reported 
on  December  9th,  189cS: — 

Beferring  to  the  resolution  of  the  Lighting  Committee  of  the  8th 
July  last,  instructing  the  Superintendent  of  Street  Lighting  to  report 
upon  the  general  application  of  incandescent  gas  lighting  to  the  whole 
of  the  streets  of  the  City,  the  Committee  will  recollect  that  the  Super- 
intendent submitted  an  interim  report  on  the  subject  on  the  2nd 
September  last,  pointing  out  that  it  was  advisable  to  postpone  full 
consideration  of  this  matter  until  the  Welsbach  Incandescent  Gas 
Light  Company  had  completed  their  arrangements  for  placing  a  new 
series  of  burners  upon  the  market.  The  Superintendent  has  since 
had  opportunities  of  fully  testing  these  burners,  and  he  proposes  to 
adopt  the  one  known  as  the  **  York,"  which  is  practically  a  counter- 
part of  the  burner  at  present  in  use. 

In  dealing  with  the  future  lighting  of  the  City  it  will  be  useful  to 
review  what  has  been  accomplished  in  the  way  of  improvement  since 
the  Corporation  took  over  the  street  lighting  in  1894. 

To  this  end  a  comparison  can  best  be  made  with  the  conditions 
obtaining  in  1890 — a  year  uninfluenced  by  coal  or  labour  troubles, 
and  in  every  respect  comparable  with  the  present  conditions  affecting 
the  public  gas  supply,  excepting  that  the  selling  price  of  gas  was  Id. 
per  1000  cubic  feet  lower  than  at  present. 

In  that  year  the  total  number  of  lamps  of  every  description 
amounted  to  11,330,  lighting  276  miles  of  road,  and  1761  courts.  The 
total  lighting  power  of  the  lamps,  assuming  the  full  standard  value 
of  the  gas  for  illuminating  purposes,  of  four  candles  per  cubic  foot, 


Liverpool  Results.  311 

amounted  to  744,699,163  candles,  the  total  cost  to  the  City  being 
Jg89,000. 

In  1894  it  was  considered  desirable  to  extend  the  system  of 
reducing  the  power  of  street  lamps  at  midnight,  which  had  hitherto 
been  confined  to  the  special  lamps  in  the  principal  streets,  to  the 
whole  of  the  City.  As  this  matter  could  not  be  satisfactorily  arranged 
with  the  Gas  Company,  who  had  hitherto  carried  out  the  public 
lighting,  except  at  an  increased  cost,  it  was  taken  over  by  the 
Corporation,  and  resulted  in  an  annual  saving  of  JS7000. 

In  1895,  as  a  result  of  negotiations  with  the  Gas  Company,  it  was 
arranged,  under  Section  24  of  the  Gas  Works  Clauses  Act,  1871,  and 
in  accordance  with  the  general  custom  of  the  country,  that  the  gas 
for  public  lighting  should  be  charged  at  a  lower  rate  than  for  ordinary 
purposes.  The  difference  was  fixed  at  10  per  cent.,  resulting  in  a 
further  reduction  in  the  lighting  charges  of  JQ2500,  showing  a  total 
reduction  of  £9500, '  In  the  same  year  it  was  decided  to  apply  the 
greater  portion  of  this  amount  to  the  improved  lighting  of  the  City, 
and  the  following  work  has  been  accomplished  :— 255  new  lamps  have 
been  fixed  in  old  streets ;  878  passage  lamps  have  been  fixed,  lighting 
the  back  entrances  to  20,607  houses;  Si  miles  of  road  have  been 
lighted  by  means  of  electric  arc  lamps,  and  76 (  miles  by  means  of 
incandescent  gas  lamps,  the  total  number  of  lamps  in  use  to  date  in 
the  old  City  amounting  to  11,646,  with  an  illuminating  value  of 
1,165,888,947  candles,  and  at  a  cost  of  J£d6,012. 

For  the  purpose  of  calculating  the  candle-power  of  the  lamps,  the 
10-ampere  arc  lamps  have  been  assessed  at  500  candles  each,  the 
incandescent  gas  lamps  as  yielding  an  average  light,  through  their 
average  life,  of  1187  lamp-hours  of  18  candles,  and  the  ordinary  flat- 
fiame  burners  at  4  candles  per  foot  of  gas. 

For  a  readier  comparison  the  figures  applying  to  the  two  years  are  set 
out  in  Table  XLYIII.,  which  shows  that,  notwithstanding  816  additional 
lamps  have  been  fixed,  and  the  aggregate  illuminating  power  of  the 
old  City  lamps  increased  by  56  per  cent.,  the  annual  charge  is  ^8000 
per  annum  less  than  in  1890.  It  will,  of  course,  be  understood  that 
the  increased  illumination  is  confined  to  the  150  miles  of  streets  and 
passages  that  have  been  specially  dealt  with  to  date. 

Table  XLVIII. 

1890.  1898. 

No.  of  lamps    11,330  11,646 

Mileage     276  279 

Courts       1,761  1,270 

Passage  lamps —  87S 

Candle-power    rniilious 744^ 1,166 

Coat  ..[    £39,000  £86,012 

In  1895  the  City  boundaries  were  extended,  adding  18S  miles  of  road 
to  the  City,  of  which  118  were  lighted  by  2788  gas  and  six  oil  lamps, 
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having  aji  illuminating  valae  of  137,514,884  candles,  at  an  annual  cost, 
according  to  last  published  accounts,  of  £7914  12s.  8d. 

The  following  work  has  been  accompHshed  in  the  added  areas.  The 
annual  hours  of  lamplight  have  been  increased  from  an  average  of  2907 
to  3850 ;  Si  additional  miles  of  road  have  been  lighted,  and  the  follow- 
ing figures  show  the  past  and  present  illuminating  power  of  the  lamps 
and  the  annual  cost,  and  from  which  it  will  be  seen  that  while  the 
illuminating  power  of  the  lamps  has  been  increased  by  64  per  cent., 
and  the  hours  of  lamplight  by  15  per  cent.,  the  annual  maintenance 
charge  has  been  reduced  by  £67. 

1895.  1898. 

No.  of  amps    2,789    3,030 

JUllOVKw         ••■        ■■•        •••        •••        •••        •••        «••  aAO        •••        ■■•  a£^^ 

Candle-power— millioiu.: 187^ 221 

x>C?Bb      •■.        •••        •••       •••        •••        •*•        •••        «•■      9vf  |Xir^       «»•        ••■      3&p|^«4ff 

In  the  period  1895  to  date,  J£18,175  has  been  spent  on  new  works 
embracing  electric,  incandescent  gas,  and  passage  lighting.  The 
preEent  estimates  provide  a  surplus  of  £5100  for  similar  purposes. 

In  dealing  with  the  resolution  of  the  Committee  of  the  8th  July  last, 
viz.: — **  That  in  view  of  the  success  of  street  lighting  by  means  of  the 
new  incandescent  gas  lamp,  the  Superintendent  of  Street  Lighting  be 
requested  to  report  on  its  general  application  to  the  whole  of  the 
City,"  the  Superintendent  may  point  out  that  about  one-sixth  (or  76 
miles)  of  the  total  mileage  of  the  City  is  now  lighted  by  incandescent 
gas  lamps,  the  greater  portion  of  which  are  in  main  roads,  and  are 
fitted  with  double  burners. 

In  a  report  dated  29th  September  last  it  was  pointed  out  by  the 
Superintendent  that  future  extensions  of  this  system  to  the  secondary 
streets  could  be  dealt  with  by  single-burner  lamps,  and  that  under 
such  a  system,  while  the  illuminating  power  would  be  increased  to 
midnight  by  146  per  cent.,  and  to  synrise  by  176  per  cent.,  the  annual 
lighting  charge  would  be  reduced  by  8s.  per  lamp. 

On  these  facts  it  might  be  argued  that  the  system  should  be  applied 
generally  to  the  City  at  once,  but  the  Superintendent  would  point  out 
that  while  during  the  past  three  years  all  new  works  have  been  charged 
to  surplus  revenue  without  any  increased  charge  to  the  lighting  rate, 
such  a  change  would  necessarily  involve  the  opening  of  a  capital 
account,  the  raising  of  from  £20,000  to  £25,000,  an  abnormal  extension 
of  the  workshop  and  staff  of  the  Lighting  Department,  and  the 
pofisibility  that  subsequent  improvements  in  incandescent  lighting 
would  either  be  lost  to  the  City  or  have  to  be  paid  for  a  second  time. 
The  Superintendent  would  therefore  strongly  recommend  that  the 
system  be  extended  at  a  rate  which  the  surplus  funds  at  the  disposal 
of  the  Committee  will  cover. 

This  sum  will  provide  for  the  equipment  of  2500 lamps  in  each  year, 
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the  work  to  be  carried  out  by  the  present  staff,  and  the  entire  lighting 
of  the  City  by  means  of  incandescent  gas  lamps  would  be  completed 
in  four  years,  at  the  end  of  which  the  lighting  throughout  the  City 
would  be  increased  by  nearly  three  times  where  the  single  burner 
lamp  is  adopted,  and  by  over  five  times  with  the  double  lamp,  with  a 
reduction  of  the  permanent  charges  of  between  J^SOOO  and  £4000. 

In  continuation  of  the  foregoing  reports,  Mr.  Bellamy 
presented  to  the  Electric  Power  and  Lighting  Committee, 
on  the  18th  day  of  October,  1901,  the  following  resume 
of  the  work  accomplished  up  to  that  date  : — 

The  City  Lighting  Engineer  begs  to  report  that  the  Committee 
has  now  approved  the  final  plan  in  connection  with  the  application  of 
incandescent  gas  lighting  to  the  whole  of  the  streets  of  the  City,  and 
ib  may  be  useful  to  review  what  has  been  accomplished  since  the 
scheme  for  the  re- arrangement  of  the  City  lighting  was  approved. 

In  1894  it  was  considered  desirable  to  extend  the  system  of 
reducing  the  power  of  street  lamps  at  midnight,  which  had  hitherto 
been  confined  to  the  special  lamps  in  the  principal  streets,  to  the 
whole  of  the  City.  The  lighting  and  maintenance  of  the  lamps  were 
in  the  hands  of  the  Gas  Company,  who  could  not  see  their  way 
to  deal  with  the  matter  in  the  manner  suggested,  except  at  a  cost 
which  would  have  rendered  the  change  uneconomical. 

Under  a  report,  dated  November,  1893,  the  City  Lighting  Engi- 
neer recommended  that  the  work  of  lighting  and  maintaining  the 
public  lamps  should  be  taken  over  by  the  Corporation,  and  an 
estimate  was  provided  showing  that  such  a  change  would  result  in  an 
annual  saving  of  JS7000  per  annum.  This  report  was  approved,  and 
after  experiments  in  various  parts  of  the  City  the  change  commenced 
on  7th  November,  1894. 

It  was  further  pointed  out  to  the  Committee  that  the  general 
practice  throughout  the  country  was  for  gas  to  be  supplied  for  street 
lighting  purposes  at  a  lower  charge  than  to  ordinary  consumers,  and 
as  a  result  of  an  arrangement,  following  a  reference  to  arbitration, 
the  price  was  reduced  by  10  per  cent.,  resulting  in  a  further  reduction 
of  the  lighting  charge  of  i^500  per  annum,  mailing  a  total  reduction 
of  Je9500. 

In  November,  1695,  it  was  decided  to  apply  the  greater  portion  of 
this  amount  to  the  improved  lighting  of  the  City,  and  schemes  for  the 
reduction  of  distances  between  street  lamps,  passage  lighting,  elec- 
tric lighting,  and  incandescent  gas  lighting  were  adopted. 

In  December,  1898,  the  Comn.ittee  decided,  on  a  report  of  the 
City  Lighting  Engineer,  to  appl^  the  system  of  incandescent  gas 
lighting  to  the  whole  of  the  City,  the  extension  to  be  carried  out  at  a 
rate  which  the  surplus  funds  at  the  disposal  of  the  Committee  would 
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permit,  which  was  estiuiated  to  occupy  four  years.  The  change, 
however,  has  been  made  io  three  years,  leaving  in  the  present  year  a 
surplus  of  JSIOOO  applicable  to  other  street  lighting  improvements. 

In  the  six  years  under  review  the  following  work  has  been  carried 
out  in  the  old  City  at  a  first  cost  of  ^2,956 :— 358  new  lamps  have 
been  fixed  in  the  old  streets ;  928  passage  lamps  have  been  fixed, 
lighting  the  back  entrances  to  21,481  houses ;  152  arc  electric  lamps 
have  been  erected  over  an  area  of  8^  miles  of  road ;  8908  incan- 
descent gas  lamps  have  been  fixed  over  248  miles  of  road. 

The  total  number  of  lamps  in  use  in  the  old  City  amounts  to 
11,905,  with  an  aggregate  illuminating  value  of  2261  j^  millions 
of  candles,  at  an  annual  cost  for  lighting  and  maintenance  of 
JQ86,187  lis.  8d.,  the  illuminating  power  being  estimated  as  follows  — 
lO-ampere  electric  arc  lamps,  500  candles ;  incandescent  gas,  40 
candles  per  burner ;  and  ordinary  fiat  fiame,  at  16  candles. 

For  comparison  the  figures  applying  to  the  years  1898  to  1901  have 
been  tabulated  (see  Table  XLIX.). 

The  year  1898  is  the  last  in  which  the  Gas  Company  had  entire 
control,  and  it  will  be  seen  on  reference  to  the  table  that  the  cost  of 
lighting  for  that  year  was  jS40,889  12s.  Id.  On  the  1st  January, 
1894,  the  Corporation  took  over  the  lighting,  &c.,  of  the  special 
lamps.  The  following  November  the  first  batch  of  ordinary  lamps 
was  transferred  to  the  Corporation,  and  by  the  end  of  December  the 
whole  of  the  lighting  of  the  City  was  in  the  hands  of  the  Conmiittec. 
In  addition,  the  reduction  of  the  charge  for  gas  came  into  effect  on 
the  1st  January,  1895,  which  brought  the  lighting  and  maintenance 
charges  for  that  year  down  to  X'86,167.  The  figures  for  1894  and 
1895  do  not  agree  with  the  published  accounts,  as  in  the  former  year 
the  gas  bill  was  only  paid  for  three  quarters,  and  in  the  latter  year 
for  five  quarters. 

Comparing  the  aggregate  lighting  of  the  City,  it  will  be  noticed  that 
the  illuminating  power  of  the  lamps  has  been  increased  before  mid- 
night from  466}  million  candles  to  1576.J^  million  candles,  or  nearly 
four  times ;  after  midnight  from  304^  million  candles  to  685  million 
candles,  or  more  than  double,  whilst  the  total  charges  have  fallen 
from  £40,889  in  1898  to  £89,587  in  the  present  year  (the  last  three 
months  being  an  ample  estimate),  or  a  reduction  of  £1802. 

In  1895  the  City  boundaries  were  extended,  adding  188  miles  of 
road  to  the  City,  128  miles  of  which  were  lighted  by  2788  gas  and  six 
oil  lamps,  having  an  aggregate  illuminating  value  of  187^  million 
candles,  at  an  annual  cost  of  £7194  12s.  8d. 

The  following  work  has  since  been  accomplished: — The  annual 
hours  of  lamplight  have  been  increased  from  an  average  of  2907  to 
8577 ;  15}  additional  miles  of  road  have  been  lighted,  involving  the 
erection  of  704  new  lamps ;  132  miles  of  road  have  been  lighted  by 
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means  of  8859  incandecccnt  gas  lamps,  chiefly  in  lieu  of  ordinary 
lamps. 

The  aggregate  illuminating  power  of  the  lamps  has  been  increased 
as  follows : — Before  midnight  from  70  million  to  897  million  candles ; 
after  midnight  from  67  million  to  225^  million  candles. 

These  figures  indicate  an  increase  in  the  lighting  value  of  5^  times 
to  midnight,  and  8  times  from  midnight  to  sunrise,  which  has  been 
secured  under  an  additional  annual  expenditure  of  JS706,  or  10  per 
cent. 

The  following  table  L.  gives  the  total  charges  for  all  purposes  of  public 
lighting  for  years  1898  to  1901  inclusive,  which  shows  that  the  total 
cost  of  public  lighting  throughout  the  old  City,  including  passage 
lighting,  and  an  average  total  increase  in  the  aggregate  lighting  of 
over  200  per  cent.,  is  costing  less  than  in  1898.  Deleting  the  expen- 
diture on  the  first  cost  of  installing  incandescent  lighting,  the  actual 
reduction  is  ^£4702. 

Table  L. 


Year. 

Gkneral 

Ifghting 

maintenance. 

Alterations 

and 

general 

remoTalfi. 

Salaries, 

establishment 

charges. 

si's* 
list 

Passage 

lighting. 

First  cost. 

Eieotrio 

lighting. 

First  cost. 

Incandescent 

lighting. 

First  cost. 

ToUl 
charges. 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

U93 

89,889 

— 

ICOO 

— 

— 

— 

40,889 

1894 

41,978 

ICOO 

1477 



— 

— 

— 

44,465 

1835 

31,641 

2430 

2096 

— 

— 

— 

36,167 

1896 

30,006 

1701 

1879 

9C0 

500 

— 

ICOO 

85,986 

1897 

31,301 

2X0 

2076 

534 

860 

3900 

1972 

42,632 

1898 

31,866 

2048 

2186 

— 

700 

2000 

3800 

42,545 

1599 

30,477 

2015 

2039 

— 

— 

— 

7400 

41,931 

1900 

31.689 

1261 

2401 

— 

— 

■■■^ 

6000 

41,291 

1901 

31.187 

2000 

3C00 

— 

^■^ 

— 

3400 

39.687 

As  already  pointed  out,  the  Committee  has  now  at  its  disposal  a 
surplus  of  £1000  for  use  in  the  present  year,  and  there  will  be  an 
available  surplus  next  year  of  between  ig4000  and  Jg5000  for  further 
improvements. 

The  City  Lighting  Engineer  would  recommend  that  a  large  addi- 
tional extension  of  passage  lighting  be  made  in  the  coming  year,  and 


Liverpool  Rcsidts.  317 

if  this  course  is  approved  plans  and  estimates  will  be  presented  at  an 
early  date  for  the  information  of  the  Committee. 

These  three  reports  are  so  typical  of  what  such  reports 
should  be,  that  the  author  does  not  feel  it  necessary  to 
apologise  for  their  inclusion  at  length. 

It  is  claimed  that  Liverpool  is  one  of  the  best  lighted 
cities  in  Europe.  The  gas  is  of  exceptionally  good  quality, 
and  the  maintenance  of  a  high  standard  is  secured 
by  means  of  a  rigorous  system  of  testing.  It  has  been 
well  said  that  "  One  lesson  taught  by  the  Liverpool  experi- 
ment is  that  street  lighting  ought  to  be  regarded  as  a 
function  quite  separate  from  gas  or  electricity  production. 
The  aim  of  the  works  manager  is  to  increase  output ;  the 
object  of  the  lighting  department  should  be  to  get  the  best 
light  at  the  least  cost." 
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CHAPTER   XIX. 

HEATING   VALUE   OF   COAL   GAS. 

The  introduction  of  the  incandescent  mantle  system  of 
illumination,  as  well  as  the  greatly  extended  use  of  coal  gas 
for  cooking,  ic,  has  brought  into  prominence  the  calori- 
nietric  value  of  this  agent,  so  much  so  that  it  is  contended 
by  some  that  the  old-time  method  of  estimating  the  com- 
mercial value  of  coal  gas  by  ascertaining  the  quantity  of  light 
which  a  giv^en  volume  will  produce  when  burnt  in  a  given 
time  in  special  burners,  a  process  known  as  "  Photometry ,'* 
will  soon  be  numbered  amongst  the  things  of  the  past,  and 
its  place  taken  by  "  Calorimetry,"  or  the  measure  of  the 
heating  value  of  the  gas.  It  will  therefore  be  well  to  con- 
sider this  valuable  method  before  passing  on  to  the  con- 
sideration of  matters  electrical. 

There  are  two  methods  of  expressing  the  heating  value 
of  a  substance :  (a)  In  calories,  i.e.,  the  quantity  of  heat 
required  to  raise  1  kilo,  of  water  from  0'  to  1°  C; 
(b)  the  British  Thermal  Unit,  or  "  B.T.U.,"  which  indicates 
the  quantity  of  heat  necessary  to  raise  1  lb.  of  water  1°, 
viz,  from  32°  to  33^  F.  In  order  to  convert  "Calories" 
into  *'  B.T.U.s"  it  will  be  seen  that  as  the  kilo,  is  equal  to 
2*2  lb.,  and  the  1°  C.  to  18°  F.,  the  calorie  must  be 
multiplied  by  3*97 ;  thus  1  kilo.  =  2*2  lb.  water  raised 
1"  C.  =  1-8"  F.,  and  22  lb.  raised  1-8'  F.  =  3-97  lb.  raised 

r  F. 

The  reader  must  be  careful  to  observe  when  referring 
to  various  text-books  that  the  unit  of  heat  is  variously  held 
to  be  represented  by  1  kiio.  or  1  gramme  of  water 
raised  l""  C,  by  1  lb.  of  water  raised  1°  C,  and  by  1  lb. 
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of  water  raiscnl  V  F.  It  is  unfortunate  that  tliese  various 
methods  of  expression  are  not  unified  for  simplicity,  as  they 
tend  to  cause  considerable  and  wholly  unnecessaiy  con- 
fusion. The  mechanical  equivalent  of  the  British  thermal 
unit  was  determined  by  Joule  in  1843  to  be  equal  to  the 
energy  expended  by  772  lb.  weight  falling  a  distance  of  1ft. 

As  illumination  by  gas  is  often,  and  will  doubtless  be 
still  more  largely  due  to  its  power  to  raise  solid  bodies  to  a 
state  of  incandescence,  it  will  be  seen  that  these  factors  are 
attaining  more  importance  from  the  practical  point  of  view 
every  day,  apart  from  the  use  of  gas  as  a  heating  agent. 

The  following  Table  LI.  shows  the  heating  values  of  the 
various  gases,  which  in  more  or  less  complex  mixtures  con- 
stitute that  which  is  popularly  known  for  convenience  as 

**  Coal  gas":— 

Table   LI.* 

The  gases  or  vapours  are  measured  over  water,  and  therefore  saturated 

with  water  vapour. 


Calorific  power, 

Weight  of  the 

gM 

1  cu.  ft., 

Gas  or  vapour. 

or  vapour  in 

meaanred  at 

1  en.  ft. 

eo°F., 

8Qin.  har. 

Grammes. 

British  thermal 
units. 

Hydrogen 

H 

2-38 

...       321 

Or  as  steam  at  212° 

...       270 

Carbon  monoxide 

CO 

38-05 

...       315 

Methane  (marsh  gas) 

C  H4 

18-90 

...      979 

Acetylene 

C3H0 

30-74 

...     1480 

Ethylene 

C,H, 

33  10 

...     1600 

Ethane 

Co  Hfl 

34-76 

...     1712 

Propylene 

Cs  Hfl 

49-76 

...     2348 

Propane 

C3H8 

62-04 

...     2478 

Bui^lene 

C4  Hh 

66-22 

...     8051 

Butane 

C4  Hio 

68-62 

...     3228 

Pentane 

Cfi  Hi 2 

85-12 

...     3943 

Benzene 

Cfl  He 

94-60 

...     8770 

Toluene 

C7  Ha 

108-80 

...     4840 

In  a  communication  tx)  the  British  Association  (Sec.  B), 

1900,  Mr.  T.  Fairley  observed  ; — 

In  gas  made  from  common  coal,  with  a  lighting  value  of  12  to  17 
candles,  the  heating  and  lighting  values  march  well  together.    If  any 

*  This  table,  which  has  been  kindly  checked  and  corrected  by  ^Ir. 
Fairley,  is  calculated  from  the  results  published  by  Andrew,  Fabre  and 
jgilbermann,  Thomsen,  ^erthelot,  and  others. 
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material  proportion  of  air  is  drawn  into  the  gas  before  it  ia  consumed, 
or  if  the  gas  first  given  off  from  the  coal  is  collected  separately  from 
that  given  off  last,  the  relations  of  heating  and  lighting  powers  are 
materially  affected.  Air  or  nitrogen  in  gas  lowers  the  lighting  power 
more  than  the  heating  power,  whereas  heavy  hydrocarbons  have  an 
opposite  effect.  This  latter  consideration  applies  to  gas  enriched  with 
light  petroleum  ('^  carburine ")  or  with  benzol,  and  explains  why 
carburetted  water  gas  has  a  much  lower  heating  value  in  proportion 
than  coal  gas.  In  my  own  and  other  experiments  its  heating  value 
is  lower  by  at  least  10  per  cent,  than  coal  gas  of  the  same  lighting  power. 

In  gas  made  from  the  same  kind  of  coal  the  heating  and  lighting 
powers  march  together,  and  a  calorimeter  kept  constantly  working 
may  be  used  to  watch  the  gas  in  place  of  a  jet  photometer.  With 
mixed  gases  it  would  not  be  applicable ;  but  in  that  case  only  a  full 
photometric  test  would  give  the  true  lighting  power. 

Since  gas  has  been  so  mach  used  for  heating,  the  measurement  of 
its  heating  or  calorimetric  value  assumes  additional  importance. 
Various  calorimeters  have  been  devised  by  fierthelot  in  France, 
Junker  in  Germany,  and  Dowson  in  this  country. 

The  two  latter  are  adapted  for  continuous  working,  and  are  very 
similar  in  principle  and  construction.  In  both,  the  products  of 
combustion  are  made  to  pass  through  metallic  syphons,  so  as  to  give 
up  all  their  heat  to  a  circulating  current  of  water.  Knowing  the 
quantity  of  water  heated  during  an  experiment  by  so  many  degrees, 
the  heat  units  are  obtained,  and,  reading  the  volume  of  gas  consumed 
during  the  experiment,  the  heat  units  per  cubic  foot  of  gas  are 
calculated.  In  these^  instruments  the  steam  produced  by  the  com- 
bustion of  the  hydrogen  in  the  gas  is  condensed  into  water.  If  it  is 
desired  to  deduct  the  heat  due  to  this  condensation,  the  water  is 
collected  and  measured.  With  such  a  large  surface  wet  with  the 
condensed  water,  this  correction  can  only  be  an  approximate  one. 
The  amount  of  water  obtained  from  gas  of  from  15  to  18  candles 
averages  about  25  c.c.  per  cubic  foot  of  gas,  corresponding  to  15 
calories,  or  about  60  British  thermal  units. 

The  following  average  results  have  been  obtained  with  coal  gas  : — 

Table   LI  I. 

Haatiog  power,  British  thermal 
Lighting  power,  unite.    (Poandsof  water  heated 

English  standard  oandles.  1**  F.,  not  corrected  for 

steam  condensed.) 

Aa   •••   ••■   •••   ••«   ■■•   •■■   •••   •■■   ■••   •••   •••   %M#i^ 

• "   ■■■   ■••    ■■•   ■••   ••■    •••   ■••    ■•«    ■••   •••   •••   %P^^%M 

A V    ••■     •••     •••     ■■•     ••■     ■■•     ■••     ■••     •••     ■••     ••■    vf  w 

A^*     ■■■     ••■     •■■     ■■•     •■■     •■■     •••     ■■•     •••     •••     «■•    \^\/A 

iR  etQA 

*  V  ■••  ■•*  ■••  •••  «••  •■•  •••  ••■  •••  •«•  •••  \^avA 

1 A  AdJ) 

•  ^^    •••    •■■    «•■    •«•    ••■    «f*    •••    •••    ■••    ■«•    ••*    ^^^fcV^ 

Af     •••    ««•    •••    ••■    •■•    •••    ••«    ■••    •■■    •■•    ■■•    V  f  V 

AW    ••■    ■■■    ••■    •■«    •••    •••    •••    ••«    KB*    «••    m  *»         m  ^^^ 

These  numbers  are  comparably  with  those  of  A^itton,  bqt  low^r, 
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When  discussing  the  paper  by  the  author  at  the  Society 
of  Chemical  Industry  in  December,  1900,  quoted  on  p.  114 
et  aeq.,  Mr.  Fairley  further  observed : — 

The  relation  of  heating  power  to  lighting  power  might  be  put  into  an 
algebraic  formula ;  that  was  to  say,  one  had  in  all  gas  a  certain  pro- 
portion of  non-luminous  gas  that  might  give  somewhere  about  half  its 
heating  power,  and  the  rest  was  due  to  its  lighting  constituents.  That 
part  was  certainly  a  multiple  of  the  candle  power,  and  one  could  find 
the  factor  which  would  give  the  total  thermal  units  from  the  lighting 
power.  Some  people  tried  to  show  that  the  heating  power  of  a  gas 
went  down  in  proportion  as  the  lighting  power  went  up,  but  that  was 
only  apparently  so.  The  result  of  his  own  work  might  be  stated 
thus : — B.T.U.  =  m  (c.p.)  +  C,  in  which  m  was  a  multiple  of  the 
candle-power  by  a  certain  factor,  and  C  a  constant  representing  the 
heat  due  to  the  combustion  of  the  non-illuminating  constituents  which 
formed  a  large  part  of  coal-gas.  In  the  gases  he  had  tested  m  was, 
approximately  »  23*5  and  G  =  275,  so  that  the  formula  became — 

B.T.U.  =  28-5  (c.p.)  +  275. 

In  some  cases  the  heating  power  of  gas  had  been  expressed  in  heat 
units  per  candle,  by  dividing  the  observed  heating  power  by  the  candle- 
power  of  the  gas,  and  certain  inferences  drawn  from  the  fact  jihat  as 
the  candle-power  rose[the  heat  units  per  candle  diminished.  Carrying 
out  this  division  in  the  formula : — 

B.T.U  _  28*5  (c.p.)  +  275  _  23-5  (c.p.)    ,    275 
C.p.  C.p.  c.p.  c.p. 

275 
it  was  obvious  that  as  candle-power  increased  the  quotient  —     must 

c.p. 
diminish.  In  other  words,  the  heat  due  to  the  combustion  of  the  non- 
illuminating  constituents  of  the  gas  could  not  increase  with  the 
lighting  power.  The  apparent  diminution  was  no  argument  in  favour 
of  the  use  of  any  particular  low-lighting  gas  for  heating  purposes.  A 
high  lighting-power  gas  gave  a  proportionate  increase  in  the  heating 
power. 

At  the  meetings  of  the  Institution  of  Gas  Engineers 
held  on  April  30th  and  May  1st,  1902,  two  valuable  papers 
reported  in  the  "Journal  of  Gas  Lighting,"  May  6  th,  1902, 
were  read,  one  by  the  late  Bryan  Donkin,  and  the  other 
by  Mr.  H.  E.  Jones.  In  these  the  heat  factors  of  various 
gases  were  given,  and  are  set  out  in  Table  LIII. 

If  Mr.  Fairley's  formula  be  applied  to  the  results 
obtained  by  the  various  experimenters  quoted  in  that  table, 
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they  give  in  place  of  23  5,  numbers  varying  from  20  to  25  as 
multipliers  of    the   candle   power.      To   divide    the   total 

Table  LIII. 


Authority. 

Gaa. 

Heating 
valae  per 
oabic  foot, 

B.T.U. 

B.T.U. 

per 
candle. 

B.  Donkin     ... 

•  •  ■ 

London  supply 

•  •             WWV            •  •  1 

»» 

•  •  • 

Mond 

•  •      x%o      •  •  ( 

H.  L.  Greville 

•  •  • 

12*9  QEandle  power 

...    641     .. 

.     41*9 

n 

•  •  • 

18-9 

556 

40*0 

»»                ••• 

■  •  • 

14-3 

569 

.     40-0 

>» 

«  •  • 

13-5 

. .       u  1  t       •.« 

.     42*7 

n 

•  «  a 

13-8 

..       OOo       ..1 

42*4 

II                 ••• 

•  •  • 

13-8 

..     591     ... 

42*5 

II 

•  •  ft 

15-4 

616 

40*0 

II 

•  •  • 

16-2 

...     628     ... 

.     89-0 

II                 ••• 

•  •  • 

15-6 

...     652     ... 

.     41-8 

II 

•  •  • 

16-0 

..     652     ... 

40*8 

II                 ••• 

•  •  • 

16-6 

...     669     .. 

.     40*3 

««                •  •  • 

fl  ■  • 

16-4 

...     672     .. 

.     41*0 

>i 

•  •  ■ 

16-6 

...     691     ... 

.     41*6 

II 

•  •  • 

16-5 

...     672     .. 

.     41*0 

H.  A.  Humphreys 

•  •  • 

Coal  gas  (?  London) 

...     675     .. 

— 

H.  F.  Hills  ... 

•  •  • 

■  •  ■ 

Coal  gas 

...     624     .. 

— 

A.  Paddon    ... 

•  •  • 

•  •  • 

14*0  coal  gas 

..     680     ... 

41*4 

M.  Verdier   ... 

•  •  • 

•  •  • 

Low  grade  coal  gas 

...     601     .. 

— 

II 

•  •  • 

•  •  ■ 

High  grade  coal  gas 

...     709     .. 

— 

n.  L.  Greville 

•  •  • 

•  •  • 

16*5  Stepney  gas 

...     672     .. 

.     40*7 

II            ••• 

•  •  • 

•  •  • 

16*0  Stepney  gas 

• . .     ooo     .  • 

.    40' 3 

II            ••• 

•  •  ■ 

•  ■  • 

16*0  mixed  with  6  per 

cent,  of  air 

...     616 

II 

•  •  • 

•  •  • 

16*0  mixed  with  10  per 

cent,  of  air 

...     574     .. 

H.  £.  Jones... 

■  •  • 

•  ■  • 

Dowson  Gas 

...     150     .. 

II 

•  •  • 

ft  •  ■ 

Mond  gas 

. ..      LuO     .. 

A.  G.  Glasgow 

*  •  f 

•  ■  • 

Carbaretted  water  gas 
and  low  grade  coal 

gas  c.  544 

...     470    .. 

• 

n 

•  •  • 

•  •  • 

Water  gas 

...     4d5     .. 

• 

Axvc&age         ...     ...     ...      ...     ...     ...     ...     ...     •..     •••     4x  \j 

Mr.  Greville^s  results  are  not  corrected  for  steam  condensed. 

number  of  heat  units  obtained  b)''  the  observed  candle  power 
is  to  overlook  the  fact  that  coal  gas  contains  a  large  propor- 
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tion  of  non-luminous  constituents,  and  that  the  luminosity, 
as  commonly  tested,  is  due  to  comparatively  small  propor- 
tions of  certain  hydrocarbons. 

By  plotting  these  various  results  with  those  given  in  Mr. 
Fairley*s  table  and  tabulating  the  mean  curve,  we  obtain 
the  following  scale,  viz.: — 


Table 

LIV. 

Bascripti 

on  of  gas. 

Dowson 

gas  ...     . 

■ « 

« •  ■         ■  •  • 

•  ■  •         • 

Mondgas 

■ « 

•  •  ■         ■  •  • 

•  •  •         ■ 

Water  gas      ...     . 

1  ■ 

•  •  •         •  •  * 

•  •  ■         • 

Garburetted  water 

gas 

and  low  grad 

Coal 

gas 

11 

'  0  candle  power 

11 

5 

12 

•0 

12 

■5 

13 

0 

13 

5 

14 

0 

14 

"5 

15 

•0 

15' 

5 

16 

0 

16 

5 

17 

0 

17 

5 

■ 

18- 

0 

e 


coal  gas 


16  0  c.  coal  gas  -f  5  per  cent,  of  air 
160      „        „      „   +  10  „ 


n 


»» 


n 


n 


B.T.U 

.'s  per  en.  ft. 

150 

151 

435 

470 

500 

514 

530 

545 

560 

576 

592 

607 

623 

638 

652 

667 

682 

698 

714 

616 

574 

As  illustrating  the  latest  outcome  of  the  various  efforts 
made  to  provide  a  thoroughly  reliable  instrument  for  the 
purpose  of  readily  ascertaining  the  calorific  value  of  coal 
and  other  gases  the  following  account  of  the  calorimeter 
devised  by  Messrs.  Simmance  and  Abady,  and  the  method 
of  using  it,  will  be  of  interest 

The  principle  upon  which  this  instrument  is  based  was 

first  introduced  by  the  late  Mr.  F.  W.  Hartley  in  1883  for 

the  purpose  of  testing  the  gas  used  by  the  author  and  the 

late  Professor  Wm.  Foster,  and  Mr.  D.  K.  Clark,  in  testing 

X  2 
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the  varioas  exhibits  of  burners  and  gas  stoves  in  connection 
with  tho  International  Electric  and  Gas  Exhibition  at  the 
Crystal  Palace  in  1882-1883;  and  which 
was  described  by  him  in  a  report  to  the 
Committee  of  the  Gas  Section  appointed 
by  the  Gas  Institute  (see  Vol.  1  of  the 
report  of  that  Committee). 

In  this  instrument  the  calorific  effect  is 
calculated  from  the  rise  in  temperature  of 
an  ascertained  flow  of  water,  due  to  the 
combustion  of  a  measured  quantity  of  gas, 
The  action  of  the  instrument  (Fig.  150)  is 
clearly  shown  by  reference  to  the  section 
and  plan  shown  in  Fig.  157.  The  water, 
from  a  source  maintaining  a  constant  pres- 
sure, enters  at  A  and  passes  through  the  tap 
B,  round  the  bulb  of  the  thermometer  D 
^Fig.  158),  and  along  the  course  shown  by 
the  an'ows,  through  the  annular  chambers 
E  E  E  E,  down  the  tubes  F  F  F  F,  and  up 
through  the  tubes  G  G  into  the  upper 
receptacle  H,  round  the  bulb  of  the  ther- 
mometer J,  and  thence  by  the  outlet  K. 
The  pressure  of  the  water  supply  is  indi- 
cated by  the  float  in  the  water  tube  C. 
The  heated  water  is  discharged  by  the 
waste  tube  L  into  the  swinging  funnel  (Fig. 
1 50),  which  is  diverted  at  the  commencement 
of  each  experiment,  so  as  to  discharge  the 
heated  water  into  the  measure  M. 

When  the  lighted  burner  S  is  placed  in 

position  the  products  of  combustion  rise  up 

the  centre  shaft  N,  and,  partially  condens- 

Fit  153.  ing  in    the    chamber   0,   drop   down   the 

Full  M!.s.  annular  passage  P  P  P  P,  and  issue,  at  the 

temperature     of     the     original     gas,     as     carbonic     acid, 

uon-condensible     products,    and    water,    at    the    lip    Q ; 
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the  condensed  water  being  collected  in  the  graduated 
measure  R. 

The  specific  advantage  of  this  instrument  is  that  a 
succession  of,  say,  three  short  tests  can  be  made,  and  if 
any  variation  of  temperature  occurs,  these  can  be  repeated, 
the  time  occupied  being  only  a  matter  of  seconds.  In  this 
way  it  is  possible  to  keep  the  calorimeter  constantly  at 
work,  thereby  enabling  a  test  to  be  made  at  any  time  of 
the  calorific  power  of  the  gas. 

The  following  instructions  are  issued  with  the  instrument 
by  the  makers  : — 

1. — Turn  on  the  water  and  let  it  run  freely  through  the 
calorimeter  to  waste  till  the  two  thermometers  read  alike. 
See  that  the  overflow  is  running  at  such  a  rate  as  to  keep 
a  constant  level  in  the  gauge  tube  C. 

2. — Light  the  gas  burner,  place  it  under  the  calorimeter, 
and  lift  it  till  high  enough  to  enable  the  stand  to  be  placed 
underneath  it.  See  that  the  burner  rests  in  the  space 
prepared  for  it  on  the  stand,  in  order  that  it  may  be  central 
with  the  tube  N.  Let  the  water  run  and  the  gas  bum 
until  the  reading  of  the  outlet  thermometer  is  steady.  Note 
its  difference  from  the  inlet  temperature. 

3. — As  the  meter  hand  parses  a  marked  division,  say 
zero,  turn  tlic  water  outlet  funnel  into  the  000  c.c.  measure, 
and  as  the  meter  hand  passes  a  second  marked  division, 
say  12,  switch  the  funnel  back  to  the  waste  funnel.  Read 
the  quantity  of  water  which  has  thus  been  discharged  into 
the  900  c.c.  measure. 

The  known  data  will  then  be — 

(a)  Difference  in  temperature. 
(h)  Quantity  of  gas  passed, 
(c)  Quantity  of  water  heated.   . 

The  test  should  then  be  repeated,  and  an  average  of  the 
readings  taken,  which  may,  for  instance,  read  thus — 

GaB  Water  Difference  of 

burned.  heated.  temperature. 

12  (GOOths  c.  ft)     ...     822  c.c.     ...     21*7°  -  12'5''  =  9*2° 
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On  refening  to  the  tables  supplied  with  the  instrument, 
under  12  in  the  top  line,  and  opposite  322  in  the  left  hand 
column,  will  be  found  the  factor  IGl,  which  on  being 
multiplied  by  9*2'^  =  148"12  calories  per  cubic  foot  of  gas. 

This  is  the  gross  value,  and  is  not  developed  in  everyday- 
use,  except,  perhaps,  by  a  condensing  stove  under  certain 
circumstances.  The  net  calorific  power  is  obtained  by 
deducting  the  amount  of  heat  which  ordinarily  escapes  as 
steam,  &c.  To  ascertain  this,  the  small  measure  should  be 
placed  under  the  products  outlet  lip  when  first  the  actual 
experiment  commences,  noting  the  position  of  the  cumula- 
tive pointer  on  the  meter.  When  a  complete  foot  has  been 
burned,  remove  the  measure  and  note  the  number  of  c.c.  of 
water  collected.  Multiply  this  by  0*G.  The  result  is  the 
number  of  calories  which  should  be  deducted  from  the 
gross  to  obtain  the  net  value. 

To  transform  the  calorie  result  into  British  thermal  unit.«, 
multiply  the  calories  formed  by  3*97,  as  previously  indi- 
cated. 

It  will  be  seen  that  with  this  calorimeter  the  method  of 
estimation  may  be  varied  by  burning  a  variable  quantity 
of  gas  and  passing  a  fixed  quantity  of  water,  the  tables 
being  suitable  also  for  this. 

For  accurate  work  it  is  necessary  to  correct  the  quantity 
of  gas  consumed  during  the  test,  for  temperature  and 
barometric  pressure,  by  means  of  the  table  given  in  the 
instructions  of  the  Gas  Keferees  in  the  appendix,  and  to 
observe  that  the  temperature  of  the  escaping  products  of 
combustion  should  be  at  the  same  temperature  as  that  of 
the  gas  as  it  leaves  the  meter. 
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CHAPTER  XX. 

THE  GENERATION   OF  DYNAMIC   ELECTRICITY  BY 

MECHANICAL  MEANS. 

In  the  preparation  of  the  following  chapters  on  the  pro- 
duction and  utilisation  of  electrical  energy,  the  author  has 
to  acknowledge  the  valuable  collaboration  pf  Mr.  G.  E. 
Moore,  A.M.I.Mech.  E.,  who  has  kindly  made  the  series  of 
original  drawings  which  accompany  the  text.  These  will 
doubtless  be  of  great  assistance  to  the  reader.  It  is  not 
pretended  that  these  chapters  should  take  the  place  of  a 
text-book  on  electricity.  They  are  merely  intended  to 
assist  the  general  reader  to  form  a  fair  idea  of  the  processes 
involved  in  the  production  of  electrical  energy,  and  to  point 
out  the  road  to  those  who  may  be  desirous  of  following  the 
technical  intricacies  of  the  subject  further.  Some  of  the 
points,  such  as  those  relating  to  "potential,"  have  been  con- 
sidered from  a  new  standpoint,  and  will,  it  is  hoped,  be  of 
assistance  to  those  who  have  hitherto  had  a  difficulty  in 
following  technical  electrical  phraseology. 

From  the  poles  of  a  magnet  lines  of  force  issue  radiating 
in  all  directions,  in  the  same  way  as  the  rays  of  light  issue 
from  some  luminous  obiect,  and  consequently  follow  the 
law  of  inverse  squares  as  explained  on  page  20,  being  quite 
close  together  on  the  surface  of  the  magnet,  and  diffusing 
themselves  over  an  ever-increasing  area  as  the  distance  from 
the  magnet  is  increased. 

We  can,  however,  to  some  extent  control  the  diffusion  of 
the  rays  of  light  from  a  candle  or  lamp,  and  by  the  use  of 
suitable  reflectors  concentrate  them  on  some  limited  area 
which  we  wish  to  illuminate,  leaving  the  surrounding  space 
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almost  in  complete  darkness;  and  we  can  also,  to  some 
extent,  control  the  diffusion  of  the  magnetic  lines  of  force 
issuing  from  the  poles  of  a  magnet  by  placing  two  unlike 
poles  opposite  to  each  other,  whereby  the  lines  of  force  will 
travel  from  one  to  the  other  almost  in  parallel  straight 
lines. 

While  stating  definitely  that  lines  of  force  issue  from  the 
poles  of  a  magnet,  we  do  so  for  the  sake  of  convenience,  and 
in  order  to  present  some  tangible  picture  to  the  mind*s  eye, 
for  we  cannot,  of  course,  see  such  lines,  although  their  effect 
can  be  made  visible  to  us  by  sifting  iron  filings  over  a  piece 
of  stiff  paper  resting  on  a  magnet.  For  the  sake  of  conve- 
nience also,  we  imagine  the  lines  of  force  as  issuing  or  being 
repelled  from  the  N  or  north-seeking  pole  of  a  magnet  and 
entering  or  being  absorbed  into  the  S  or  south-seeking 
pole ;  and  further,  for  the  sake  of  convenience,  we  imagine 
that  a  specific  strength  of  maernet  or  magnetic  force  is 
represented  by  a  certain  number  of  lines  of  force,  and  that 
by  increasing  this  number  for  a  given  area  the  specific 
strength  of  the  magnet  is  increased. 

Magnetic  poles  of  the  same  kind  repel  one  another,  while 
those  of  opposite  kinds  attract  one  another. 

The  term  niagnetic  field  was  used  by  Faraday  to  designate 
the  entire  space  or  region  through  which  the  magnetic  lines 
of  force  travel  or  are  difiused. 

If  an  electric  current  be  passed  through  a  conductor, 
such  as  a  copper  wire,  magnetic  lines  of  force  circle 
round  it. 

In  a  series  of  experiments  made  by  Ampere,  he  discovered 
that  if  a  current  be  passed  through  two  parallel  conductors 
placed  in  close  proximity  to  each  other  both  in  the  same 
direction,  the  lines  of  force  circling  round  them  act  on 
each  other  in  such  a  way  as  to  cause  the  conductors  to 
approach  one  another;  but  if  the  current  be  passed  through 
them  in  opposite  directions,  the  lines  of  force  circling 
round  the  conductors  cause  them  to  recede  from  one 
another. 
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In  Fig.  160,  a  and  h  are  two  parallel  conductors  having  an 
electric  current  passing  through  them  both  in  the  same 
direction  and  away  from  the  onlooker.  The  magnetic  lines 
of  force  circle  round  them  both  in  the  direction  in  which 
the  hands  of  a  clock  turn,  and  they  mutually  attract  one 
another. 

In  Fig.  161,  the  current  in  h  is  reversed,  so  that  it  flows 
towards  the  onlooker,  while  that  in  a  remains  as  before. 
The  lines  of  force  circle  round  the  two  conductors  now 
in  opposite  directions,  and  they  mutually  repel  one 
another. 

It  will  be  seen,  however,  that  on  adjoining  sides  in  Fig.  160, 
where  the  lines  of  force  circling  round  both  conductons  are 


nearest  each  other  they  travel  in  opposite  directions,  while 
in  Fig.  161  they  travel  in  the  same  direction  ;  consequently 
we  may  say  that  lines  of  force  travelling  in  the  same 
direction — the  same  as  like  poles — repel  one  another,  and 
lines  of  force  travelling  in  opposite  directions — the  same  as 
unlike  poles — attract  one  another. 

If  we  take  a  coil  of  copper  wire  and  pass  an  electric 
cuiTcnt  through  it,  magnetic  lines  of  force  circle  round  the 
wire  as  shown  in  Fig.  162  ;  but  if  the  coils  be  wound  close 
together  so  that  they  nearly  but  not  quite  touch  one 
another,  some  of  the  lines  of  force  escape  through  the 
air  instead  of  circling  round  the  wii'e,  and  pass  right  through 
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the  inside  of  the  coil,  out  at  one  end,  back  over  the 
outside,  and  through  the  inside  again,  and  so  on,  thus 
circling  round  a  series  of  wires  instead  of  round  each  wire 
singly. 

Such  s  coil  is  called  a  solenoid,  and  is  a  feeble  magnet, 
having  a  N  pole  where  the  lines  of  force  issue  from  it,  and  a 


S  polo  where  they  enter  it  again.  A  bar  of  soft  iron  or 
steel  placed  inside  a  solenoid  becomes  magnetised,  for  the 
iron  offers  less  resistance  to  the  passage  of  the  lines  of  force 
circling  round  the  coils  of  the  solenoid  than  the  air  does, 
consequently  most  of  tlicni  pass  through  the  iron  instead  of 


circling  through  the  air  round  the  coils.  We  have  then  on 
elect  ro-viagnet  (see  Fig.  1C3)  having  exactly  the  same  pro- 
perties with  respect  to  attraction  and  repulsion  as  all 
ordinary  permanent  magnets. 

The  iron  must  not  come  in  contact  with  the  coil,  however, 
otherwise  the  greater  part  of  the  electric  cuirent  will  escape 
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through  the  iron  instead  of  passing  through  the  coil.  The 
coil  must  therefore  be  made  of  insulated  wire ;  for  although 
the  insulating  medium  prevents  the  electricity  from 
escaping,  it  offers  very  little  resistance  to  the  passage  of 
magnetic  lines  of  force,  and  not  more  than  air  does,  which 
is  itself  a  very  good  electric  insulator.  The  strength  of  the 
electric  current  flowing  through  a  wire  determines  the 
number  of  the  magnetic  lines  of  force  circling  round  it ; 
consequently  the  stronger  the  cuiTent  passing  through  a 
coil  and  the  greater  the  number  of  turns  in  it,  the 
more  strongly  magnetic  the  iron  becomes,  until  the  point 
of  saturation  is  reached  beyond  which  iron  cannot  be 
magnetised. 

By  the  word  potential  used  in  connection  with  electricity 
we    mean    a    latent    power    capable    of     producing    an 
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Fig.'  164. 

eledrortiotive  force,  that  is,  a  force  to  move  electricity, 
thus  causing  a  current  to  flow. 

If  a  conductor  be  of  the  same  electric  potential  through- 
out, the  electricity  in  it  is  in  equilibrium,  and  there  is  no 
tendency  for  it  to  flow.  If  one  end  of  a  conductor  is  of  a 
higher  potential  than  the  other,  this  is  at  once  manifested 
as  a  greater  electromotive  force  at  one  end  than  at  the  other, 
and  if  the  two  ends  are  connected  so  as  to  allow  the 
electricity  a  free  passage,  the  electromotive  force  causes  a 
current  to  flow  until  electric  equilibrium  is  restored  through- 
out the  conductor. 

To  illustrate  this  we  will  take  a  bent  tube  filled  with 
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air  and  having  its  two  ends  communicatiDg  with  one 
another  through  a  tap  which  may  be  opened  or  closed 
(see  Fig.  164).  A  small  piston  x  fits  perfectly  in  the  tube, 
so  that  no  air  can  escape  between  it  and  the  sides  of  the 
tube. 

The  potential,  or  pressure  of  the  air,  is  equal  throughout 
the  tube ;  there  is,  therefore,  no  tendency  for  the  air  to  flow 
when  the  tap  is  opened,  so  that  there  is  a  means  of  commu- 
nication between  the  two  ends. 

If  the  piston  be  now  forcibly  moved  in  the  direction 
indicated  by  the  arrow,  the  air  will  be  compressed  at  a 
and  there  will  be  a  partial  vacuum  formed  at  6 ;  the  air 
is  therefore  of  a  higher  potential  at  a  than  at  6,  and  this 
difference  of  potential  produces  a  force  tending  to  move  the 
air  from  a  to  b  until  both  ends  are  at  equal  potentials, 
and  equilibrium  is  restored;  but  this  cannot  take  place 
until  the  tap  communicating  between  the  two  ends  is 
opened. 

This  represents  exactly  what  takes  place  in  an  electrical 
conductor  when  a  current  passes  through  it. 

By  certain  means  the  electrical  equilibrium  can  be  dis- 
turbed so  that  the  electricity  at  one  end  is  of  a  higher 
potential  than  at  the  other,  and  this  at  once  produces  an 
electromotive  force,  tending  to  move  the  electricity  from  the 
end  where  the  potential  is  high  to  that  where  it  is  low,  and 
thereby  restore  equilibrium;  but  this  cannot  take  place  until 
the  two  ends  of  the  conductor  are  connected,  thus  allowing  the 
electricity  to  flow  from  one  end  to  the  other.  The  potential 
at  one  end  may  even  be  increased  to  such  an  extent  as  to 
cause  the  electricity  to  force  itself  a  passage  through  the 
air  or  any  other  insulating  material  surrounding  the  con- 
ductor if  the  ends  are  not  connected,  just  as  the  air  in  a 
tube  may  be  compressed  to  such  an  extent  as  to  burst  the 
tube. 

Fig.  164  may  be  taken  to  represent  an  ordinary  air  com- 
pressor or  hydraulic  pump,  and  the  connection  between  the 
two  ends  a  and  b  ne^d  not  be  made  direct,  as  shown  in  tb<? 
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figure,  but  may  be  made  by  means  of  pipea  entering  the  tube 
at  a  and  h,  so  that  the  pressure  at  a  may  be  utilised  to  over- 
come some  resistance,  such  as  the  ram  of  a  press  at  a  consider- 
able distance  away  before  it  is  allowed  to  escape  to  b.  In  the 
same  way  the  electromotive  force,  caused  by  a  difference  of 
potential  in  a  conductor,  may  be  utilised  to  overcome  a 
resistance  such  as  an  arc  or  an  incandescent  lamp  at  a  con-  . 
siderable  distance  away,  by  compelling  the  current  to  flow 
through  it  in  its  passage  fi'om  the  end  of  high  to  that  of  low 
potential. 

Faraday  discovered  that  an  electric  current  passes  along  a 
wire  of  copper,  or  any  other  conducting  metal  having  its 
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two  ends  connected  with  one  another,  if  it  is  moved  across 
one  pole  of  a  magnet  so  as  to  cut  through  the  lines  of  force 
issuing  from  it. 

Fig.  105  represents  the  N  polo  of  a  magnet,  and  shows 
a  section  of  a  conductor  in  the  midst  of  the  magnetic  field 
in  close  proximity  to  the  pole  from  which  the  lines  of  force 
issue,  as  indicated  by  the  dotted  lines  and  arrow  heads. 

Now  if  the  conductor  be  moved  parallel  to  the  surface  of 
the  magnet,  as  indicated  by  the  arrow,  the  tendency  will  be 
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for  opposing  lines  of  force  to  circle  round  the  conductor  in 
order  to  resist  the  motion.  It  is  obvious  that  on  the  right- 
hand  side  of  the  conductor  the  lines  of  force  which  will 
circle  round  it  will  be  in  the  same  direction  as  those  issuing 
from  the  magnet,  because  like  forces  repel  one  another,  and 
they  would  thereby  resist  the  motion  of  the  conductor; 
also,  on  the  left-hand  side  of  the  conductor  the  lines  of 
force  which  will  circle  round  it  will  be  in  an  opposite 
direction  to  those  issuing  from  the  magnet,  because  unlike 


Fig  166. 

forces  attract  one  another,  and  they  would  thereby  also 
resist  the  motion  of  the  conductor.  The  lines  of  force 
would  circle  completely  round  the  conductor  in  the  direction 
in  which  the  hands  of  a  clock  turn,  and  would  cause  a 
current  uf  electricity  to  flow  along  the  conductor  away 
from  the  onlooker. 

Fig.  166  represents  a  curved  magnet,  typical  of  such  as 
are  used  in  the  construction  of  dynamos  and  motors,  whose 
lines  of  force  issue  from  the  N  pole  and  enter  in  at  the  S 
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pole,  passing  through  the  iron  back  to  the  N  pole  again  in 
a  continuous  circulation.  The  mutual  attraction  between  a 
N  and  a  S  pole  prevents  the  lines  of  force  from  becoming 
scattered  and  diffusing  themselves  through  the  air,  but 
induces  them  to  take  the  shortest  way  through  the  air  space 
intervening  between  the  two  polas,  and  to  travel  in  almost 
parallel  straight  lines. 

In  the  figure,  a  and  b  represent  two  conducting  wires 
whose  ends  are  connected  together,  which  may  be  assumed 
to  represent  two  of  the  conductors  which  are  assembled  on 
the  periphery  of  the  armature  of  a  dynamo  or  motor.  They 
are  moved  in  the  directions  indicated  by  the  arrows,  thereby 
causing  magnetic  lines  of  force  to  circle  round  them,  as 
shown  by  the  curved  arrows,  and  an  electric  current  to 
pass  along  them. 

On  the  right-hand  side  of  a,  that  is,  on  the  side  towards 
which  it  is  moved,  the  lines  of  force  will  circle  round  the 
wire  in  the  same  direction  as  those  issuing  from  the  magnet, 
so  that  they  repel  one  another,  and  thereby  produce  a  force 
in  opposition  to  that  which  moves  the  wire.  On  the  left- 
hand  side  of  a,  the  lines  of  force  will  circle  round  it  in  an 
opposite  direction  to  those  issuing  from  the  magnet,  so  that 
they  attract  one  another ;  and  they  also  produce  a  force  in 
opposition  to  that  which  moves  the  wire. 

The  magnetic  lines  of  force  will  circle  round  the  wire  in 
the  same  direction  as  that  in  which  the  hands  of  a  clock 
turn,  and  the  current  will  flow  away  from  the  onlooker,  as 
shown  by  the  arrow  on  the  wire  itself. 

Again,  on  the  left-hand  side  of  b  the  lines  of  force 
will  circle  round  the  wire  in  the  same  direction  as  those 
entering  the  S  pole,  so  that  they  repel  one  another,  while 
those  on  the  right-hand  side  will  travel  in  an  opposite 
direction,  so  that  they  attract  one  another,  thus  setting 
themselves  in  opposition  to  the  movement  of  the  wire. 

The  lines  of  force  will  circle  round  the  wire  in  a  direction 
contrary  to  that  in  which  the  hands  of  a  clock  turn,  and  the 
current  will  flow  towards  the  onlooker. 
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Referring  back  to  Fig.  1(53,  let  the  coil  have  its  two  ends 
connected  together  by  a  copper  wire  with  no  current  passing 
along  the  coil,  and  let  the  iron  core  represent  a  pennanent 
magnet  whose  lines  of  force  travel  from  the  N  to  the  S  pole 
right  round  its  entire  surface,  in  the  direction  indicated 
by  the  dotted  lines  and  arrow  heads,  within,  instead  of 
outside,  the  coil  as  show^n  in  the  figure. 

When  the  N  pole  of  the  magnet  is  inserted  into  the  coil,  the 
wire  cuts  through  the  lines  of  force  issuing  from  it,  and  this 
causes  magnetic  lines  of  force  to  circle  round  the  wire, 
which  set  themselves  in  opposition  to  the  movement  of  the 
magnet,  and  an  electric  current  passes  along  the  coil  in  the 
direction  shown  by  the  aiTows*;  which  direction  is  reversed 
as  the  magnet  passes  right  through  the  coil,  when  the  lines 
of  force  entering  the  S  pole  are  cut  through  by  the  wire,  and 
the  current  w^ill  flow  in  a  contrary  direction  to  what  it  did 
as  the  N  pole  was  inserted  into  the  coil,  and  as  indicated 
by  the  arrows  on  it.  This  is  a  fundamental  principle  of  the 
action  of  dj^namos,  and  will  be  dealt  with  more  fully 
later  on. 

The  following  statements  summarise  the  whole  process  of 
the  production  of  an  electric  current  by  the  application  of 
Faraday's  discovery : — 

In  a  magnetic  field  having  an  electrical  conductor  near  to 
and  parallel  with  its  surface,  if  the  number  or  direction  of 
the  lines  of  force  issuing  from  it  be  altered,  the  electrical 
equilibrium  in  the  conductor  is  disturbed,  so  that  there  is  a 
difference  of  potential  between  its  two  ends,  giving  rise  to 
an  electromotive  force ;  and  if  the  ends  of  the  conductor  bo 
connected,  a  current  of  electricity  flows  through  it. 

The  same  happens  if  the  conductor  be  moved  so  as 
to  alter  the  number  or  direction  of  the  lines  of  force 
influencing  it,  and  only  so  long  as  an  alteration  is  taking 
place. 

If  the  conductor  remains  stationary  under  the  influence 

of  a  constant  magnetic  field,  or  if  either  or  both  be  moved, 

but  und^r  such  conditions  that,  in  relation  to  the  number 
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or  direction  of  the  lines  of  force  acting  upon  it,  the 
conductor  remains  unaltered,  its  electrical  equilibrium 
remains  undisturbed,  and,  therefore,  no  electromotive 
force  is  instigated  to  cause  a  current  of  electricity  to 
flow. 

The  production  of  an  electric  current  by  this  process  goes 
by  the  name  of  induction,  and  the  current  or  the  electro- 
motive force  is  said  to  be  induced.  The  electromotive 
force  caused  by  a  difference  of  potential  in  a  conductor  is 
measured  in  volts  just  as  a  pressure  of  air  or  water  is 
measured  in  pounds  per  square  inch  ;  and  the  electricity 
passing  along  a  conductor  is  measured  in  ampirea,  just  as 
the  quantity  of  water  flowing  through  a  pipe  is  measured  in 
gallons  per  second. 

Corresponding  to  the  friction  of  the  water  or  air  against 
the  inner  surface  of  the  pipe  through  which  it  is  flowing, 
there  is  a  resistance  offered  by  the  conductor  to  the  flow 
of  the  electric  current,  and  this  resistance  is  measured  in 
ohms. 

If  an  electrical  conductor  be  tnoved  mechanically  in  a 
plane  at  right  angles  to  the  direction  of  the  lines  of 
force  issuing  from  a  homogeneous  magnetic  field,  the 
induced  magnetic  lines  of  force  circling  round  the  con- 
ductor travel  in  such  a  dii-ection  that  they  resist  the 
movement. 

If  under  otherwise  similar  conditions  the  movement  of 
the  conductor  be  other  than  at  right  angles  to  the  lines  of 
force  issuing  from  the  magnetic  field,  the  resistance  opposed 
to  the  movement  of  the  conductor  is  dependent  only  on 
the  component  of  the  space  traversed  at  right  angles  to  the 
direction  of  the  lines  of  force,  that  is,  on  the  number  of 
lines  of  force  a  conductor  cuts  through  in  a  given  time. 
On  this  depends  also  the  pressure  as  measured  in  volts  of 
the  induced  current. 

It,  for  the  purpose  of  illustration,  we  assume  that  the 
lines  of  force  issuing  from  a  magnetic  field  do  not 
radiate,  but   travel   parallel   to   one    another,  and    that 
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their  power  therefore  does  not  decrease  as  the  distance 
increases,  also  that  the  pressure  of  the  current  induced 
in  a  conductor  moved  one  foot  in  one  second  at 
right  angles  to  the  line  of  force  be  one  volt,  to  obtain  the 
same  pressure  in  a  conductor  moved  at  an  angle  of,  say, 
45  deg.  to  the  direction  in  which  the  lines  of  force  travel, 
it  would  have  to  cut  through  the  same  number  in  the 
same  time,  and  the  distance  it  would    have    to    travel 


Fig.  167. 


would  therefore  be  1  x  V  2ft.  in  one  second.  (See  Fig. 
1G7.) 

If  under  the  same  conditions  the  conductor  be  moved 
'parallel  to  the  direction  of  the  lines  of  force  it  would  cut 
through  none,  and  no  alteration  would  be  taking  place  in 
the  conductor  in  relation  to  the  lines  of  force ;  consequently 
no  current  would  be  induced  in  it. 

According  to  Lenz's  law,  if  the  lines  of  force  issuing 
from  a  magnetic  field,  having  an  electrical  conductor 
within  their  influence  alter,  the  induced  current  or  electro- 
motive force  in  the  conductor  is  such  that  it  resists  the 
alteration. 
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The  foregoing  summarises  shortly  the  principles  under- 
lying the  construction  of  all  modem  electric  genemtors  or 
dynamos  and  motors.  We  will  now  briefly  consider  the 
different  kinds  of  machines  used  for  lighting  purposes  and 
for  the  transmission  of  power. 
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CHAPTER     XXI. 

ELECTRIC       GENERATORS. 

Every  electric  generator  or  motor  consists  of  three 
essential  parts,  viz.: 

(1)  The  so-called  field  magnets,  producing  a  magnetic 
field. 

(2)  The  armature,  can-ying  a  series  of  conductoi"s  which, 
in  a  generator,  on  being  revolved,  cut  through  the  lines  of 
force  in  the  magnetic  field ;  or  which,  in  a  motor,  when  a 
current  of  electricity  passes  through  them,  cause  the  arma- 
ture to  rotate. 

(3)  An  apparatus  for  collecting  or  distributing  the 
current. 

The  field  magnets  consist  of  one  or  more  pairs  of  electro- 
magnets, each  pair  having  one  N  and  one  S  pole,  having 
iron  or  steel  cores  surrounded  by  a  coil  of  insulated  copper 
wire.  The  armature  consists  of  a  laminated  iron  core 
having  insulated  copper  wires,  or  bai-s  of  copper,  arrangeil 
on  its  outer  surface,  parallel  with  each  other  and  with  the 
axle  of  the  armature. 

The  iron  core  of  the  armature  is  made  either  in  the  shape 
of  a  ring  or  in  the  shape  of  a  cylinder ;  but  in  both  cases  the 
copper  wires  or  bars  are  bent  to  the  shape  of  a  letter  U,  so 
that  their  two  ends  appear  on  the  same  side  of  the  core. 
These  U-shaped  wires  or  bars  will  be  hereafter  referred  to 
as  the  armature  coils.    (See  Figs.  108  and  169.) 

The  former  ariungement  is  convenient,  for  it  facilitates 
the  removal  of  any  damaged  coil  for  repairs ;  whereas  with 
the  latter  this  is  difficult,  on  account  of  the  coils  overlapping 
each  other  at  one  end  ;    but  it  has  the  advantage  over  the 


U42  Continuous  Cm-^-ent. 

former  that  only  half  the  quantity  of  wire  is  required,  for 
that  part  of  the  coil  which  is  inside  the  ring  is  useless  so  far 
OS  the  generation  of  the  current  is  concerned. 

The  ends  of  all  the  coils  are  connected  to  the  apparatus 
on  the  armature  spindle  for  collecting  or  distributing  the 
current 

The  iron  core,  as  previously  explained  when  describing 
the  electromagnet,  tends  to  prevent  the  lines  of  force  from 
circling  round  each  separate  conductor  when  an  electric 
current  passes  through  it,  but  compels  them  to  travel  right 


round  the  armature,  whereby  they  can  be  more  effectively 
utilised. 

Fig.  170  represents  a  continuous-current  generator  having 
one  N  and  S  pole  placed  diametrically  opposite  to  each 
other,  with  the  space  between  them  occupied  by  the  arma- 
ture. 

Dynamos  and  motors  may  be  divided  into  two  classes, 
according  to  whether  they  generate  or  are  set  in  motion  by 
continuous  or  direct-current,  or  by  an  alternating  current. 

By  a  continuous  or  direct-current  we  understand  a 
current  which  flows  always  in  one  direction  ;  whereby  a 
certain  terminal  of  the  machine  is  always  of  a  high  potential, 
while  another  is  always  of  a  low  potential,  and  the  current 
flows  unvaryingly  from  the  high  to  the  low  potential 
terminal. 
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By  revolving  the  armature  of  a  dyjiamo  iJio  electric 
equilibrium  in  ita  coils  is  disturbed,  so  that  at  one  end  the 
electricity  is  of  a  high  potential,  and  at  the  other  end  of  a 
low  potential,  and  as  previously  described,  a  current  of 
electricity  flows  from  the  one  to  the  other  as  soon  as  the 
two  ends  are  connected  by  a  conductor. 

The  connection  between  these  two  ends  we  will  hereafter 
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refer  to  as  the  circuit,  and  this  may  be  of  any  lenfrth,  even 
as  much  as  many  hundreds  of  miles  if  necessary. 

To  utilise  the  current  we  intercept  the  circuit  at  any 
point  by  a  lamp  or  a  motor,  so  that  tlie  electricity  over- 
comes a  certain  resistance  and  does  work  iu  ite  passage 
from  the  tcrmiQals  of  the  armature  coils  of  the  generator 
which  arc  of  a  high,  to  those  which  are  of  a  ]o\*-  potential. 
The  high  potential  electricity  conesponding  to  n  pressure 
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(if  air  we  tall  jiositivc,  while  the  low  poteDtial  electricity 
corresponding  to  a  vaeuuiii  we  call  negative ;  so  that  a 
current  which  starts  from  one  terminal  of  a  generator  and 
enters  one  terminal  of  a  motor  or  lamp  is  positive,  while 
that  which  leaves  the  other  terminal  of  a  lamp  or  motor 
and  enters  the  other  terutinal  of  the  gcnei-ator  is  negative. 

An  alternating  current   does   not   flow   always  in    one 
direction,  but  flows   alternately  backwards   and  forwards 


hctwuen  the  terminals  of  the  generator;  for  the  coils  of  the 
annature  reverse  their  ends  of  high  and  low  potential  with 
&  frequency  which  often  exceeds  one  hundred  times  in  one 
second. 

Sivgle-phaae  AUeittulini/  Cutrent. — Fig.  171  &hows  the 
N  and  S  poles  of  a  two-pole  generator,  placed  diametrically 
opposite  to  each  other,  and  occupying  the  space  between 
them  the  armature  core  with  a  single  coil  wound  on  it, 
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having  its  two  ends  fastened  to  two  insulated  metal  rings, 
shown  on  the  figure,  to  enable  them  to  be  clearly  seen,  of 
two  different  diameters.  Each  of  these  rings  has  a  sliding 
contact  pressing  against  its  surface  by  means  of  a  spi'ing 
for  collecting  the  current. 

These  contacts,  known  as  the  brushes,  arc  fixed  to  some 
immovable  part  of  the  machine,  and  are  always  in  contact 
with  the  rings,  so  that  the  electricity  as  it  is  generated  can 
flow  into  the  circuit  while  the  armature  is  revolving. 

If  the  armature  be  revolved  clockwise  as  indicated  by 
the  arrows,  when  the  coil  is  on  the  left-hand  side  exactly 
on  the  neutral  line  approaching  the  N,  and  receding  from 
the  S  pole,  it  momentarily  moves  exactly  parallel  with  the 
lines  of  force  tmvelling  from  the  N  to  the  S  pole,  and  cuts 
through  none,  consequently  no  lines  of  force  circle  round 
it,  and  no  current  flow^s  through  it. 

Next  instant  it  commences  cutting  through  the  lines  of 
force,  at  a  sharp  angle  at  firat  and  slowly  compared  with 
the  distance  it  travels,  so  that  lines  of  force  commence  to 
circle  round  it,  which  set  themselves  in  opposition  to  the 
rotation  of  the  annature,  and  a  feeble  current  commences  to 
flow  through  it. 

The  current  gradually  grows,  increasing  as  the  distance 
between  the  coil  and  the  vertical  centre  line  decreases. 
As  it  crosses  the  lines  of  force  at  right  angles,  the  coil  cuts 
through  the  greatest  number  in  a  given  time,  and  the 
induced  cuiTcnt  flowing  through  it  is  at  its  maximum 
pressure. 

Applying  Lenz  s  law,  the  lines  of  force  circling  round  tlie 
coil  will  travel  in  a  clockwise  direction  as  indicated  by  the 
curved  arrow  in  the  diagram,  so  as  to  resist  the  movement 
of  the  annature,  and  the  induced  current  will  flow  away 
from  the  onlooker,  as  shown  by  the  an'ows  on  the  coil 
itself.  Or,  from  the  brush  on  the  left-hand  side  as  a 
negative  current,  through  the  coil  to  the  brush  on  the 
right-hand  side,  and  out  into  the  circuit  as  a  positive 
current.     Directly  the  coil  commences  to  recede  from  the 
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vertical  centre  line  the  induced  cuiTent  commences  to  fall, 
becoming  more  and  more  feeble  as  the  coil  approaches  the 
horizontal  or  neutral  line  on  the  right-hand  side,  where,  as 
it  crosses  it,  the  coil  moves  parallel  with  the  lines  of  force, 
cutting  through  none,  so  that  the  current  momentarily  dies 
away. 

The  coil  now  commences  to  approach  the  S  pole.  As  the 
lines  of  force  travel  from  the  N  to  the  S  pole,  their  impact 
on  the  coil  is  in  a  contrary  direction  to  the  impact  as  the 
coil  approached  the  N  pole ;  the  lines  of  force,  circling 
round  the  coil,  will  therefore  travel  in  a  contrary  direction 
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to  what  they  previously  did,  and  a  negative  cuiTent  will 
now  enter  the  brush  on  the  right-hand  side,  flowing  through 
the  coil  to  the  brush  on  the  left-hand  side,  and  entering 
the  circuit  there  as  a  positive  current. 

The  current  gradually  grows  until  the  coil  reaches  the 
vertical  centre  line  at  the  S  pole,  where  it  again  attains  its 
maximum  pressure.  On  the  completion  of  the  revolution, 
the  current  again  falls  to  zero.  This  operation  will  be 
clearly  understood  by  referring  to  the  curve  shown  in 
Fig.  172,  which  represents  the  character  of  the  current 
flowing  through  the  brush  on  the  right-hand  side  in 
Fig.  171. 
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The  first  ba.  £  of  the  curve  repi'esentii  the  curreut  gene- 
rated during  half  a  revolution  of  the  armature  as  the  coil 
travels  from  the  neutral  line  on  the  left-hand  side,  crossing 
the  vertical  centre  line  at  the  N  pole  after  a  quarter  of  a 
revolution,  to  the  neutral  line  on  the  right-hand  side, 
U'herehy  the  electricity  will  be  at  a  high  potential  at  that 
end  of  the  coil  connected  with  the  smaller  of  the  two 
collecting  rings  having  the  right-hand  brush  in  contact 
^vith  it,  and  at  a  low  potential  at  the  end  connected  with 


the__larger  ring,  which    communicates  with  the  left-hand 
brush. 

The  cuiTent  coiisccjuentl}'  flows  through  the  circuit  from 
the  right-hand  brush  as  a  positive  cun-ent  to  the  left-hand 
brush  as  a  negative  current  The  second  half  of  the  cune 
represents  the  current  genei-ated  as  the  coil  travels  fi"oiii 
right  to  left,  crossing  the  vertical  centre  line  at  the  S  pole, 
whereby  the  high  and  low  potential  ends  of  the  coil  are 
reversed,  causing  the  current  to  flow  in  a  contrary  dircc- 
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tioii ;  or  from  the  loft-hand  brush  us  a  positive  current  to 
the  right-hand  hnish  as  a  negative  current. 

Tlie  height  of  the  curve  above  and  below  the  neutral 
line  indicates  the  positive  and  nogati\e  pressures  of  the 
current  at  any  moment  during  one  re  volution  of  the 
armature.  The  curve  shows,  too,  tliat  this  is  an  alt«niat- 
ing  cuiTcnt;  for  it  flows  alternately  in  opposite  directions 
through  the  cireuit  from  one  terminal  to  the  other. 
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If  we  place  a  second  coil  on  the  armature  exactly 
diametrically  opposite  to  the  first,  and  connect  their  ends 
to  the  collecting  rings  in  the  manner  shown  in  Fig.  173, 
having  the  low  potential  end  of  the  coil  approaching  the 
N  pole  connected  to  the  same  ring  as  the  low  potential 
end  of  the  coil  appi-oatliing  the  S  pole,  and  both  the  liigh 
potential  ends  to  the  other  ilng,  the  cunent  generatid  by 
each  coil  as  it  cuts  through  the  lines  of  force  from  the 
^  and  S  poles  of  the  magnets   will  combine  wliere  the 
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ends  meet  and  flow  through  the  circuit  simultaneously  as 
one  current ;  so  that  a  greater  quantity  is  generated  with 
two  coils  arranged  in  this  way  than  with  only  one  with- 
out altering  its  character,  which  may  still  be  represented 
by  the  curve  shown  in  Fig.  172. 

It  is  obvious,  however,  that  if  the  ends  of  the  coils  are 
wrongly  connected  the  current  generated  by  the  one  coil 
will  be  exactly  neutralised  by  the  current  generated  by 
the  other  coil,  and  none  will  flow  through  the  circuit. 

By  using  two  coils  instead  of  one,  thus  generating  twice 
the  quantity  of  current  during  each  revolution  of  the 
armature,  the  size  of  the  wire  forming  the  circuit  must 
ho  increased  to  twice  its  former  area  to  avoid  injurious 
heating,  thus  oflbring  a  greater  resistance  to  the  flow  of 
the  current. 

By  winding  the  coils  several  times  on  the  armature  core 
before  connecting  their  ends  to  the  collecting  rings  instead 
of  only  once,  as  shown  in  Figs.  170  and  174,  a  greater  length 
of  wire  is  exposed  to  the  action  of  the  lines  of  force 
passing  between  the  poles  of  the  magnet,  resulting  in 
more  lines  of  force  being  cut  through  by  the  wire  during 
each  revolution  of  the  armature,  thereby  increasing  the 
pressure  of  the  cuirent ;  but  its  character  remains  un- 
altered, and  may  still  be  represented  by  the  same  curve. 

In  Fig.  174  each  coil  is  wound  seven  times  on  the  core  of 
the  armature,  and  there  are  therefore  seven  lengths  of  wire 
opposite  each  pole  cutting  through  the  lines  of  force  at  the 
same  time,  consequently  the  pressure  of  the  current  gene- 
rated would  be  seven  times  as  great  as  if  each  coil  were 
wound  only  once  round  the  core,  assuming  that  the  arma- 
ture revolves  at  the  same  speed  in  both  cases.  It  is,  of 
course,  immaterial  whether  the  ends  of  the  two  coils  are 
joined  together  before  connecting  to  the  collecting  rings,  or 
whether  the  four  ends  are  connected  separately ;  as  in 
both  cases  the  current  flows  from  one  to  the  other  in  the 
same  manner.  The  same  result  could  be  obtained  with  a 
pair  of  coils  wound  only  once  round  the  core,  by  increasing 
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their  length  and  that  of  the  surface  of  the  magnet  poles 
sevenfold ;  so  that  the  same  length  of  wire  is  exposed  to 
the  action  of  the  same  number  of  lines  of  force. 

Or,  to  obtain  the  same  pressure  of  current  in  both  cases, 
the  speed  with  which  the  armature  revolves  in  the  one  must 
be  seven  times  as  great  as  that  with  which  it  revolves  in 
the  other. 

The  connections  between  the  coils  and  the  collecting 
rings  can  be  made  in  a  great  many  different  ways,  so  as 
to  obtain  different  pressures  or  voltages,  and  different 
quantities  or  amperes  of  current. 

In  Fig.  174  seven  coils  are  connected  in  series  in  each  half 
of  the  armature,  the  two  sets  of  seven  being  connected  in 
parallel. 

If,  with  this  arrangement,  by  revolving  the  armature  at 
a  certain  speed  a  current  of  seven  volts  and  two  amperes 
is  generated,  by  connecting  all  the  coils  in  series  a  current 
of  fourteen  volts  and  one  ampfere  would  be  generated ;  or 
by  connecting  all  the  coils  in  parallel  a  current  of  one  volt 
and  fourteen  amperes  would  be  generated. 

The  coils  would  all  be  in  series  if  the  current  were  made 
to  pass  through  all  before  being  allowed  to  pass  into  the 
collecting  rings ;  or  they  would  all  be  in  parallel  if  each 
single  coil  had  its  two  ends  connected  direct  to  the  collect- 
ing rings. 

With  a  high- voltage  current  the  insulation  of  the  wires 
must  be  much  more  perfect  than  with  a  low-voltage  current, 
just  as  with  water  at  a  high  pressure,  the  material  and 
thickness  of  the  tubes  through  which  it  flows  must  be 
better  and  greater  than  if  the  water  were  at  a  low  pressure. 
The  area  of  the  wires  must  be  in  proportion  to  the  amperes 
of  the  current  just  as  the  area  of  a  tube  must  be  in  propor- 
tion to  the  quantity  of  water  flowing  through  it. 

The  electric  unit  of  power  is  the  power  of  a  current  of 
one  ampere  at  a  pre&sure  of  one  volt.  This  unit  is  known 
as  one  vclt  ampere  or  one  watt,  and  is  equivalent  to  about 
y^T  ^f  ^^®  horse-power. 
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One  thousand  watts  is  called  one  hiloivatt,  and  this  is 
approximately  1^  horse-power. 

Referring  back  to  Fig.  172,  any  one  of  the  recurring  states 
of  the  current  with  respect  to  pressure,  that  is  the  particu- 
lar state  of  the  current  at  any  given  instant,  is  called  its 
phase.  It  will  be  seen  by  the  figure  that  the  current  is 
constantly  assuming  a  different  phase:  yet  it  is  only  a 
single-phase  current,  for  at  any  given  instant  it  has  only 
one  phase. 

The  curve  represents  one  whole  cycle  of  operations  called 
a  period ;  that  is  the  current  induced  in  a  coil  during  its 
transit  from  zero  to  its  maximum  positive  pressure,  back 
again  to  zero,  then  to  its  maximum  negative  pressure,  and 
back  once  more  to  zero,  where  one  whole  cycle  of  opera- 
tions or  one  period  is  complete,  and  a  new  one  commences 
exactly  as  before. 

The  frequency  with  which  the  periods  occur  is  dependent 
on  the  number  of  pairs  of  poles  in  a  machine,  and  on  the 
speed  at  which  the  armature  rotates.  Fifty  periods  per 
second  may  be  taken  as  a  fair  average,  so  that  the  armature 
of  a  machine  having  one  pair  of  poles  would  have  to  make 
3000  revolutions  per  minute.  In  order  to  reduce  this  speed 
the  number  of  pairs  of  poles  must  be  increased ;  thus,  in  a 
machine  having  four  N  and  four  S  poles,  arranged  so  that 
a  pole  of  one  kind  is  always  between  two  poles  of  the 
opposite  kind,  the  armature  would  have  to  make  only  750 
revolutions  per  minute. 

Multiphase  Alternating  Cv/n^ent. — Having  described 
how  a  single-phase  alternating  cun-ent  is  produced,  we  will 
now  briefly  consider  the  manner  in  which  polyphase  alter- 
nating currents  are  generated;  that  is,  currents  which  at 
any  given  instance  have  two  or  more  different  phases. 

To  produce  a  two-phase  current  two  sets  of  coils  are 
required,  wound  on  the  armature  of  the  generator,  having 
their  four  ends  attached  to  four  collecting  rings  communica- 
ting with  two  separate  circuits. 

In  Fig.  175, 1,  (1)  form  one  continuous  coil,  whose  two 
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enck  are  fastened  to  the  two  insulated  rings  1  and  (1)  where 
the  current  is  collected  and  allowed  to  pass  into  the  circuit 
1,  (1).  The  coil  2,  (2)  has  its  two  ends  fastened  to  the  two 
insulated  rings  2  and  (2),  where  the  current  is  collected  and 
allowed  to  pass  into  the  circuit  2,  (2). 

The  separate  windings  of  the  coil  1,  (1)  are  separated 
from  those  corresponding  in  2,  (2)  by  an  angle  of  45  deg., 
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Fig.  175. 

SO  that  the  current  generated  in  1,  (1)  is  exactly  a  quarter 
of  a  period  behind  that  generated  in  2,  (2).  For  if  at  a 
given  instant  while  the  armature  is  revolving  a  portion  of 
the  coil  1,  (1)  is  exactly  on  the  neutral  line,  the  correspond- 
ing portion  of  the  coil  2,  (2)  will  be  exactly  on  the  vertical 
centre  line  opposite  the  N  and  S  poles,  and  that  portion  of 
1,  (1)  moves  parallel  with  the  lines  of  force  passing  from 
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one  pole  to  the  other,  cutting  through  none,  and  therefore 
generatu)g  no  current,  at  the  same  instant  as  the  portion  of 


2,  (2)  cuts  through  the  lines  of  force  at  right  angles,  and  the 
current  generated  is  at  its  maximum  pressure. 


Fig.  176  represents  the  character  of  the  currents  generated 
by  the  two  coila  1,  (1)  and  2,  (2)  during  one  revolution  of 
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the  armature  of  a  two-pole  machine.  It  will  be  seen  that 
there  is  a  quarter  of  a  period  intervening  between  the  two 
curves  1,  (1)  and  2,  (2)  ;  also  that  at  any  given  instant  the 
currents  have  two  different  phases.  This  double  current 
generated  by  one  machine  is  called  a  two-phase  or  di-phase 
current. 

Three-phase  or  tri-phase  generators  have  the  armature 
wound  with  three  sets  of  coils,  Fig.  177  showing  the  manner 
in  which  these  are  arranged  in  a  machine  having  one  pair 
of  poles,  and  the  curves  in  Fig.  178  represent  the  character 
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Fig.  178. 

of  the  currents  generated  during  one  revolution  of  the 
armature. 

Three-phase  machines  have  almost  entirely  superseded 
the  two-phase,  for  by  using  the  same  amount  of  metal  in 
the  construction  of  both,  the  three-phase  machine  generates 
about  11  per  cent,  more  current  than  the  two-phase,  and 
motors  worked  by  the  f oimer  have  a  higher  efficiency  than 
those  worked  by  the  latter. 

A  reference  to  Fig.  178  will  show  that  at  any  given  instant 
the  currents  have  three  different  phases,  for  while  the  two 
portions  of  the  coil  1,  (1)  are  exactly  on  the  vertical  line 
opposite  to  the  N  and  S  poles  respectively  with  the  current 
momentarily  at  its  maximum  positive  pressure^  the   two 
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portions  of  the  coil  2,  (2)  are  inclined  at  an  angle  of  60°  to 
and  approaching  the  S  and  N  poles  respectively  with  the 
current  momentarily  at  half  negative  pressure,  and  the  two 
portions  of  the  coil  3,  (3)  are  inclined  at  an  angle  of  60°, 
and  receding  from  the  N  and  S  poles  respectively  with  the 
cuiTcnt  momentarily  also  at  half  negative  pressure. 

It  may  be  as  well  here  to  point  out  that  the  current  in 
any  one  coil  at  any  given  inst^tnt  is  exactly  equal  to  the 
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Fig.  179. 

algebraic  sum  of  the  currents  in  the  other  two  coils.     Or 

we  might  say  that  at  any  moment  there  is  in  the  three  coils 

exactly  the  same  amount  of  current  flowing  in  a  positive  as 

in  a  negative  direction ;  for  if  the  current  in  one  coil  be 

momentarily  at  its  maximmn  positive  pressure,  the  currents 

in  each  of  the  other  coils  will  be  exactly  alike,  and  at  half 

negative  pressure,  the  sum  of  which  will  be  equal  to  the 

maximum  in  the  one  coil ;  or  if  the  current  in  one  coil  bo 

momentarily  at  zero,  the  currents  in  the  other  two  will  be 

z  2 
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at  exactly  equal  pressures,  but  one  will  be  flowing  in  a 
positive  and  the  other  in  a  negative  direction. 

This  may  be  clearly  seen  in  Fig.  178,  where  the  height  of 
the  curves  above  and  below  the  neutral  line  indicate  respec- 
tively the  relative  positive  and  negative  pressures  of  the 
currents. 

This  fact  is  of  very  considerable  importance,  as  it  obviates 
the  necessity  for  using  six  wires  to  form  the  circuit,  for,  by 
a  suitable  arrangement  of  the  connections,  three  suffice,  as 
shown  in  Fig.  177,  or  more  clearly  in  Fig.  1 70. 

It  will  be  seen  that  the  three  wires  forming  the  circuit 
communicate  with  one  end  of  each  of  the  three  coils,  the 
other  three  ends  of  which  are  connected  together  in  the 
centre,  where  their  currents  neutralise  each  other. 

By  following  the  course  of  the  two  negative  currents  at 
half  pressure,  it  will  be  seen  that  they  enter  the  generator 
at  coils  2  and  3  flowing  through  them,  then  through  coils 
(2)  and  (3),  and  meet  in  the  centre,  where  they  combine  and 
flow  as  one  current  into  coil  (1)  and  out  of  the  generator 
again  through  coil  1  as  a  positive  current  at  maximum 
pressure. 

By  connecting  the  ends  of  the  coils  of  a  two-phase 
generator  in  a  suitable  manner,  three  wires  are  also  sufiicient 
to  form  the  circuit  instead  of  four,  so  that  in  this  respect 
two-phase  and  three-phase  currents  are  alike,  and  possess 
no  advantage  over  each  other. 

Continuovs  or  Direct  Currents. — The  foregoing  com- 
prises a  description  of  how  single-phase,  two-phase,  and 
three  phase  alternating  currents  are  generated;  we  have 
now  to  consider  the  manner  in  which  a  continuous  or 
direct  current  is  generated. 

The  essential  difierence  between  a  continuous  or  direct- 
current  generator  and  an  alternator,  whether  single  or 
polyphase,  is  that  the  former  has  a  c(ym/mutaior  while  the 
latter  has  not. 

The  commutdlor  is  an  apparatus  for  collecting  separately 
the  currents  flowing  in  opposite  directions  generated  by 
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those  coils  which  happen  to  "be  momentarily  cutting 
through  the  lines  of  force  at  the  N  poles,  and  by  those 
cutting  through  the  lines  of  force  at  the  S  poles,  and 
diverting  these  currents  into  two  separate  channels ; 
whereby  one  of  the  brushes  is  always  in  communication 
with  the  ends  of  the  coils  which  are  of  a  high  potential, 
and  the  other  brush  always  with  the  ends  which  are  of  a 
low  potential,  so  that  the  current  flows  through  the  circuit 
from  one  brush  to  the  other  continuously  in  the  same 
direction,  instead  of  flowing  alternately  in  opposite  direc- 
tions from  one  to  the  other,  as  an  alternating  current  does. 

Fig.  180  shows  a  continuous-current  generator  with  one  N 
and  one  S  pole  and  two  coils  wound  on  the  armature  core, 
whose  four  ends  are  connected  to  a  collecting  ring  divided 
into  two  segments  thoroughly  insulated  from  one  another, 
having  two  brushes  pressing  against  its  surface  exactly  on 
the  neutral  line  which  serve  to  connect  the  collecting  ring 
with  the  circuit. 

This  divided  collecting  ring  is  the  commntatoTt  also 
known  as  the  collector. 

The  brush  on  the  right-hand  side  in  the  figure  communi- 
cates with  the  ends  of  the  armature  coils  which  are  of  a 
high  potential,  being  the  source  of  the  positive  current, 
while  the  brush  on  the  left-hand  side  communicates  with 
the  ends  which  are  of  a  low  potential — being  the  source  of 
the  negative  current — and  the  current  flows  through  the 
circuit  from  the  positive  to  the  negative  brush.  Assuming 
that  the  armature  is  being  revolved  in  a  clock-wise  direc- 
tion, as  indicated  by  the  arrows,  at  the  moment  when  both 
the  coils  are  on  the  neutral  line  there  will  be  no  current 
induced  in  them,  and  the  brushes  will  be  pressing  against 
both  segments  of  the  commutator  and  against  the  insulating 
medium  between  them. 

As  the  armature  continues  to  rotate,  coil  1  commences  to 
cut  through  the  lines  of  force  at  the  N  pole,  and  coil  2 
those  at  the  S  pole,  and  the  induced  current  in  the  two 
coils  will  flow  in  opposite  directions  with  respect  to  the 
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onlooker,  as  indicated  by  the  arrows,  whereby  the  ends  of 
both  coils  in  contact  with  the  segment  a  are  of  a  high 
potential,  and  the  ones  in  contact  with  segment  h  are  of  a 
low  potential,  consequently  the  current  will  flow  through 
the  circuit  from  a  to  6. 

On  the  completion  of  half  a  revolution  both  coils  are 
again  on  the  neutral  line,  with  momentarily  no  current 
flowing  through  them,  but  next  instant  coil  1  commences 
to  cut  through  the  lines  of  force  at  the  S  pole,  and  coil  2 
those  at  the  N  pole,  so  that  the  induced  cuirent  flows 
through  them  in  an  opposite  direction  to  what  it  did  before, 
and  the  ends  in  contact  with  segment  h  are  now  of  a  high 
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potential,  while  those  in  contact  with  segment  a  are  now  of 
a  low  potential. 

At  the  same  instant  as  the  current  in  the  coils  is 
reversed,  however,  whereby  the  potentials  of  the  two  seg- 
ments are  also  reversed,  the  brushes  pass  from  one  segment 
to  the  other;  so  that  the  right-hand  brush  is  still  in  con- 
tact with  the  segment  of  high  potential  and  the  left-hand 
brush  still  with  the  segment  of  low  potential,  the  current 
flowing  through  the  circuit  in  the  same  direction  as  before ; 
or  from  segment  h  to  segment  a.  The  character  of  the 
current  generated  by  one  coil,  or  by  two  coils  placed 
diametrically  opposite  to  each  other,  as  shown  in  Fig.  180, 
during  one  revolution  of  the  armature  of  a  machine  having 
one  pair  of  poles  is  represented  by  the  curves  in  Fig.  181. 
It  rises  from  zero  to  its  maximum  pressure  as  the  coila 


360 


Uniform  Continuous  Cun^ent 


travel  from  the  neutral  line  to  the  vertical  centre  line^  and 
the  current  falls  again  to  zero  on  the  completion  of  half  a 
revolution,  when  the  coils  are  once  more  on  the  neutral 
line.  As  the  armature  continues  to  rotate  the  current  rises 
again  to  its  maximum  pressure,  and  finally  falls  to  zero  on 
the  completion  of  one  whole  revolution. 

The  curve  shows  that  the  current  flows  always  in  one 
direction,  for  it  rises  on  one  side  of  the  neutral  line  only. 
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Fig.  182. 

It  also  shows  that  the  current  has  only  one  phase,  and  that 
it  is  not  uniform,  but  flows  in  a  series  of  waves,  rising  to 
its  maximum  pressure  and  dying  away  again  twice  during 
each  revolution  of  the  armature. 

Uniform  Continuous  Currents. — Our  next  example, 
Fig.  182,  shows  the  same  machine  as  before,  with  two  more 
coils  on  the  armature  core  placed  exactly  diametrically 
opposite  to  each  other  and  midway  between  the  other  two, 
thus  making  a  total  of  four  coil9« 
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The  commutator  is  now  divided  into  four  segments  in- 
stead'of  two,  to  each  of  which  are  fastened  the  commence- 
ment of  one  coil  and  the  end  of  the  one  following  it  as 
before,  with  two  brushes  to  collect  the  current. 

At  a  certain  moment  while  the  armature  is  revolving, 
coils  1  and  2  will  be  exactly  on  the  neutral  line,  while  coils 
3  and  4  are  on  the  vertical  centre  line  opposite  the  N  and 
S  poles  respectively,  with  each  brush  pressing  between  two 
segments  of  the  commutator. 

In  coils  1  and  2  the  induced  current  ia  momentarily  at 
zero,  while  in  coils  3  and  4  it  is  at  its  maximum  pressure. 
After  a  quarter  of  a  revolution  coils  3  and  4  are  on  the 
neutral  line,  with  the  induced  current  at  zero,  while  coils  1 
and  2  are  on  the  vertical  centre  line,  with  the  induced 
current  at  its  maximum  pressure.  It  may  be  seen  that  now 
the  current  flowing  into  the  circuit  never  sinks  to  zero,  for 
when  one  pair  of  coils  is  on  the  neutral  line  the  current 
from  the  other  pair  has  a  free  passage  through  the  com- 
mutator segments  into  the  first,  and  thus  the  circuit  is 
always  supplied  with  current  from  one  or  the  other  pair  of 
coils. 

The  character  of  the  current  generated  by  the  two  pairs 
of  coiLs  is  represented  by  the  curves  shown  in  Fig.  183,  from 
which  it  may  be  seen  that  as  the  current  generated  by  coils 
1  and  2  is  rising  from  zero  to  it<s  maximum  pressure,  the 
current  generated  by  coils  3  and  4  is  faUing  from  its 
maximum  pressure  to  zero.  By  adding  .the  two  currents 
together,  we  get  the  total  current  flowing  through  the 
brushes  into  the  circuit  at  any  instant,  and  this  is  repre- 
sented by  the  dotted  curve  in  the  figure,  showing  that  the 
cunent  never  falls  to  zero,  but  is  at  its  minimum  pressure 
when  one  pair  of  coils  is  on  the  neutral  line,  and  at  its 
maximum  when  both  pairs  of  coils  are  at  equal  distances 
from  the  neutral,  and  from  the  vertical  centre  lines  in  the 
position  shown  in  Fig.  182.  The  current  generated  by  two 
pairs  of  coils  is  thus  much  less  varying  than  that  generated 
by  one  pair  only,  and  the  greater  the  number  of  coUs  and 
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commutator  segments,  the  more  nearly  the  current 
approaches  absolute  uniformity. 

Variation  of  Voltage, — The  machine  shown  in  Fig.  170 
represents  a  continuous  or  direct-current  generator,  and  the 
figure  shows  how  the  current  generated  is  utilised  for 
exciting  the  field  magnets,  by  allowing  a  portion  of  it  to 
flow  through  the  coils  of  copper  wires  wound  on  their  cores, 
thus  making  them  electro-magnets. 

By  introducing  resistances  in  front  of  the  magnet  coils 
which  may  be  switched  off  or  on,  the  amoimt  of  current 
flowing  through  them  can  be  increased  or  decreased,  thus 
exciting  the  magnets  more  or  less  powerfully,  whereby  a 
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current  of  a  higher  or  lower  voltage,  within  certain  limits^ 
may  be  generated. 

The  field  magnets  have  their  cores  usually  made  of  steely 
and  they  retain  a  portion  of  their  magnetism  when  no 
current  is  flowing  through  the  coils  wound  on  them,  so  that 
a  feeble  current  is  induced  in  the  coils  of  the  armature 
when  the  machine  is  firat  set  in  motion.  As  this  current 
flows  through  the  coils  of  the  field  magnets  it  magnetises 
them  still  more,  and  a  stronger  current  is  then  induced  in 
the  coils  of  the  armature ;  thus  the  strength  of  the  field 
magnets  growls  and  the  current  generated  grows  too,  in  the 
same  proportion,  imtil  a  point  is  reached  when  the  field 
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magnets  become  saturated,  as  it  were,  with  magnetism,  and 
they  attain  their  maximum  strength.  This  method  of 
exciting  the  field  magnets  cannot  be  adopted  with  alter- 
nating machines,  for  the  alternating  current  is  constantly 
changing,  flowing  alternately  in  opposite  directions,  so  that 
it  is  useless  for  producing  electro-magnets,  as  these  would 
be  constantly  reversing  their  poles,  and  no  current  could  be 
generated. 

Alternating  machines  must  have  a  separate  continuous- 
current  generator  to  excite  their  field  magnets.  This  is  a 
small  generator,  usually  built  as  a  part  of  the  main 
machine,  with  its  armature  on  the  same  spindle  as  the 
armature  for  generating  the  alternating  current. 

In  our  next  chapter  we  shall  deal  with  what  is  fast 
becoming  an  influential  part  of  the  electrical  industry,  viz,, 
the  construction  of  the  various  types  of  electro-motors. 
The  great  increase  in  the  use  of  this  power  for  driving 
machinery  and  other  purposes,  gives  this  section  of  our 
subject  a  special  interest. 
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CHAPTER     XXII. 

ELECTBO-MOTOES. 

The  different  types  of  electric  generators  and  the  character 
of  the  currents  they  generate  having  now  been  described, 
we  have  still  to  consider  how  the  power  expended  in  the 
generation  of  the  current  by  forcibly  revolving  the  armature 
of  the  generator  may  be  regained  at  some  distant  place,  b}*- 
conducting  the  current  thence  along  copper  wires,  and 
causing  it  to  flow  through  a  motor,  whereby  its  armature  is 
set  in  motion  with  almost  the  same  force  as  that  applied  to 
the  armature  of  the  generator  to  produce  the  current,  the  loss 
of  power  being  due  mainly  to  the  resistance  of  the  con- 
ductors opposing  the  flow  of  the  current,  but  also  to  several 
other  causes,  such  as  the  friction  of  the  armature  spindles 
on  their  bearings,  &c.  Continuous-current  motors  are  con- 
structed on  exactly  the  same  lines  as  generators. 

In  a  generator  the  coils  of  the  armature  cut  through  the 
lines  of  force  in  a  magnetic  field,  causing  magnetic  lines  of 
force  to  travel  round  the  coils  in  opposition  to  those  of  the 
magnetic  field,  and  a  current  of  electricity  to  flow  through 
them. 

In  a  motor  a  current  of  electricity  magnetises  the  field 
magnets,  thus  producing  a  magnetic  field  in  which  the 
armature  is  suspended,  and  a  current  of  electricity  at  the 
same  time  flows  through  the  coils  of  the  armature,  causing 
magnetic  lines  of  force  to  travel  round  them,  which,  by 
setting  themselves  in  opposition  to  those  of  the  magnetic 
field,  impart  rotation  to  the  armature. 

Fig.  184  shows  the  manner  in  which  the  current  from  the 
generator  is  made  to  flow  through  the  motor  by  connecting 
^e  two  brushes  of  the  former  with  those  of  the  latter. 
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In  the  moix)r  as  well  &s  in  the  generator  a  portion  of  the 
current  flows  through  the  coils  of  the  field  magnets,  while 
the  rest  flows  through  those  of  the  armature. 

Since  by  passing  a  current  of  electricity  through  a 
conductor  magnetic  lines  of  force  are  made  to  circle  round 
it  in  either  direction,  according  to  which  end  the  current  is 
made  to  enter  the  conductor,  it  is  obvious  that  if  a  con- 
ductor is  suspended  in  a  constant  magnetic  field  and  a 
current  be  sent  through  it,  entering  first  at  one  end,  then 
at  the  other,  the  lines  of  force,  by  circling  round  the 
conductor,  first  in  one  direction,  then  in  another,  will  cause 
it  to  move  in  opposite  directions.  By  this  means  the 
armature  of  a  motor  can  be  made  to  rotate  in  either 
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direction  and  reversed  at  will,  the  manner  in  which  this  is 
effected  being  shown  in  the  diagram. 

By  means  of  a  double-pole  switch  connected  with  the 
positive  and  negative  brushes  of  the  generator,  the  brushes 
of  the  motor  can  be  diflerently  connected  with  those  of  the 
generator,  so  that  either  becomes  positive  or  negative,  and 
the  current  is  thereby  made  to  flow  through  the  coils  of 
the  armature  in  either  direction. 

The  current  flowing  through  the  coils  of  the  field  magnets 
may  not  be  reversed,  however,  as  the  poles  must  always 
remain  constant. 

Single-phase  alternating-current  motors  are  also  con- 
structed on  exactly  the  same  lines  as  the  generator ;  that  is, 
the  field  magnets  are  excited  separately  by  a  continuous 
current  flowing  through  their  coils,  while  the  armature  is 
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supplied    with   alternating    current    frora    the   generator. 
(See  Fig.  185.) 

It  b  essential  in  these  machines  that  the  motor  should 
run  at  exactly  the  same  speed  as  the  generator  if  both 
machines  have  an  equal  number  of  poles,  and  faster  or 
slower  if  the  motor  has  fewer  or  more  poles  than  the 
generator,  and  in  proportion  to  the  number  of  poles  in  both 
machines.    The  poles  of  the  field  magnets  remain  constant, 


whereas  the  current  in  the  coils  of  the  armature  is  con- 
stantly changing. 

At  a  certain  moment  one  set  of  coils  is  opposite  the  N 
poles,  and  the  other  set  opposite  the  S  poles,  with  the 
current  flowing  through  them  in  opposite  directions,  so 
that  they  both  tend  to  impart  rotation  to  the  armature  in 
one  direction  only. 

Next  instant  the  current  in  the  coils  is  reversed,  and  in 
order  that  the  rotation  of  the  armature  may  continue  in 
the  same  direction  the  coils  must  have  traversed  the  space 
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which  divides  a  N  pole  from  a  S  pole,  so  that  those  coils 
which  were  formerly  opposite  the  N  poles  are  now 
opposite  the  S  poles,"  and  those  coils  which  were  opposite 
the  S  poles  are  now  opposite  the  N  poles.  That  is  to  say, 
a  coil  being  opposite  a  N  pole  with  the  current  flowing 
momentarily  through  it  towards  the  onlooker  tends  to 
impart  a  clockwise  rotation  to  the  armature.  Next  instant 
the  current  flows  away  from  the  onlooker,  and  if  the  coil 
be  still  opposite  a  N  pole  it  will  drive  the  armature  back 
again,  or  in  an  opposite  direction.  As  the  current  changes, 
therefore,  the  coil  must  have  travelled  as  far  as  the 
neighbouring  S  pole,  so  that  the  armature  may  continue 
rotating  in  the  same  direction,  otherwise  it  will  simply 
oscillate  backwards  and  forwards. 

In  order  that  the  motor  may  work,  the  armature  must 
traverse  the  space  dividing  a  N  from  a  S  pole  with  the  same 
frequency  as  the  current  changes  from  positive  to  negative. 
To  start  the  motor,  the  armature  must  be  first  revolved  by 
hand,  or  by  any  other  means,  until  the  necessary  speed  is 
attained,  when  it  will  continue  revolving  as  long  as  it  is 
supplied  with  current,  but  it  is  liable  to  stop  if  a  heavy 
load  is  suddenly  put  on. 

In  the  case  of  small  motors  a  portion  of  the  alternating 
current  may  be  converted  into  a  pulsating  continuous 
current  by  means  of  a  commutator  on  the  armature  spindle, 
with  which  the  magnets  can  be  sufficiently  excited. 

The  larger  motors  are  usually  built  with  a  small  con- 
tinuous-current generator  on  the  armature  spindle  for 
exciting  the  field  magnet.  To  start  these  motors  the  small 
generator  may  be  made  to  work  as  a  motor  by  supplying 
it  with  continuous  current  from  an  accumulator  until  the 
requisite  speed  is  imparted  to  the  armature,  when  the 
accumulator  may  be  switched  oflf,  and  the  motor  then 
generates  its  own  continuous  current  for  exciting  the  field 
magnets,  with  which,  too,  the  accumulator  may  be  re- 
charged. Two  and  three-phase  altemating-cuiTent  motors 
may  also  be  worked  on  this  principle,  and  they  have  the 
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advantage  over  single -phase  motors  in  being  self -starting, 
at  least  when  unloaded. 

In  recent  years  single  and  polyphase  alternating-current 
motors  have  been  devised  and  constructed  which  work, 
although  not  well,  on  the  same  principle  as  continuous- 
current  motors;  that  is  to  say,  the  alternating  current 
flows  through  the  coils  of  the  field  magnets  and  magnetises 
them  at  the  same  time  as  through  the  coils  of  the  armature, 
the  use  of  a  commutator  being  thus,  of  course,  necessary. 

The  cores  of  the  field  magnets  must  be  specially  con- 
structed, having  alternate  layers  of  very  thin  sheets  of 
special  soft  iron  and  thin  insulating  material,  so  as  to 
obviate  as  much  as  possible  the  loss  of  power  that 
magnetising  thedi  alternately  in  opposite  directions  entails; 
for  electro-magnets  with  cores  of  very  soft  iron  retain  only 
a  very  small  portion  of  their  magnetism,  or  none  at  all, 
after  the  current  ceases  to  flow  through  their  coils,  whereas 
those  having  steel  cores  retain  a  considerable  portion  of 
their  magnetism. 

These  motors  are  self -starting  under  full  load,  and  they 
can  be  run  at  any  speed,  independently  of  that  at  which 
the  generator  runs. 

The  disadvantage  of  having  a  commutator  on  any  class 
of  generator  or  motor  lies  in  the  fact  that  as  a  commutator 
segment  crosses  the  neutral  line  where  the  brushes  press 
against  the  commutator,  opposing  currents  suddenly  meet, 
which  cause  sparks  to  form  between  the  segment  and  the 
brush,  thereby  injuring  the  surface  of  the  commutator. 

The  liability  to  sparking  is  greatest  on  those  motors 
which  run  in  both  directions ;  but  it  can  be  kept  within 
practical  limits  by  working  them  with  a  current  of  not 
more  than  about  500  volts  pressure,  and  by  the  use  of 
thick  carbon  brushes  adjusted  to  press  radially  against  the 
surface  of  the  commutator. 

The  modem  alternating-current  motors,  so-called  imduc- 
tion  Tnotors,  are  worked  on  an  entirely  diflcrent  principle 
from  those  hitherto  described,  having  only  the  field  magnets 
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excited,  the  armature  being  altogether  disconnected  from 
the  generator. 

These  motors  have  a  very  high  efficiency,  and  are  self- 
starting  under  full  load.  They  have  no  commutator,  but 
simple  collecting  rings  on  the  armature  spindle  become 
necessary  if  the  speed  requires  regulating,  otherwise  they 
can  be  entirely  dispensed  with. 

Induction  Motors.^  If  we  take  two  semicircular  pieces 
of  iron,  and  by  winding  insulated  copper  wire  round  them 
in  the  manner  shown  in  Fig.  186,  and  passing  a  current  of 
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electricity  through  the  wire  we  produce  two  electro-magneb^, 
having  the  two  N  poles  opposite  to  each  other,  and  like- 
wise the  two  S  poles  opposite  to  each  other ;  and  the  lines 
of  force  will  have  a  tendency  to  traverse  the  air  space  inter- 
vening between  the  two  poles,  as  shown  by  the  dotted  lines 
and  arrow  heads,  thus  producing  a  magnetic  field  between 
the  two  poles. 

If  we  join  these  two  semicircular  magnets  together  the 
poles  still  remain  the  same,  and  the  lines  of  force  will  take 
the  same  course  from  one  to  the  other  as  before,  so  that  the 
magnetic  field  remains  unaltered. 

A  A 
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If  we  now  suspend  a  ring  of  copper  or  other  conducting 
metal  K,  po  that  it  is  free  to  revolve  imiide  the  magnet  ring, 
and  revolve  the  latter,  so  that  the  lines  of  force  passing 
from  the  N  to  the  S  poles  are  cut  through  by  the  wire  ring, 
magnetic  lines  of  force  will  circle  round  the  wire  in  such  a 
direction  that  they  resist  the  rotation  of  the  magnet  ring, 
and  because  the  former  is  free  to  revolve,  the  latter  drags  it 
round  with  it  and  causes  it  to  rotate,  but  at  a  slower  speed. 


Fig.  167 

a'i  otherwise  no  lines  of  force  would  be  cut  through,  and 
magnetic  lines  of  force  would  cease  to  circle  round  the 
wire. 

This  explains  briefly  the  principle  on  which  induction 
motors  are  worked,  but  although  in  these  motors  a  rotating 
magnetic  field  is  necessary,  the  magnets  themselves  do  not 
rotate,  for  with  two  or  more  alternating  currents  of  diflerent 
phase  a  rotating  magnetic  field  can  be  produced  with 
stationary  field  magnets. 

A  three-phase  induction  motor  has  field  magnets  consist- 
ing of  a  laminated  iron  ring  wound  with  three  sets  of  coils, 
in  the  same  manner  as  the  armature  of  the  generator  shown 
in  Figs.  177  and   17^*,  each  set  of  coils  on  the  motor  being 
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connected  directly  with  the  corresponding  ones  on  the 
generator.  Fig.  187  shows  the  armature  and  field  magnets 
of  a  motor  in  position,  with  the  coils  of  both  shown  in 
section,  the  former,  to  avoid  complicating  the  description, 
being  shown  as  if  each  were  wound  only  once  round  the 
core,  instead  of  a  great  many  number  of  times,  as  is  the 
case  in  the  actual  machines ;  and  the  adjoining  curves 
represent  the  character  of  the  currents  flowing  through 
each  coil  at  any  moment  during  one  revolution  of  the 
armature  of  the  generator. 

At  a  certain  moment  the  current  in  coil  1,  (1)  is  at  its 
maximum  pressure,  while  in  coils  (2),  2  and  (3),  3  the  cur- 
rents are  at  half  pressure ;  in  coil  (2),  2  growing  and  in 
coil  (3),  3  diminishing.  The  currents  flowing  through  the 
coils  above  the  horizontal  centre  line  are  momentarily  posi- 
j  tive,  while  those  flowing  through  the  coils  below  are  momen- 

-  tarily  negative,  and  the  lines  of  force  travel  through  the 

iron  core  of  the  field  magnets  in  the  manner  shown  by  the 
dotted  lines  and  arrow  heads,  thereby  producing  a  N  pole 
on  the  left-hand  side,  and  a  S  pole  on  the  right-hand 
side. 

As  the  armature  of  the  generator  continues  to  revolve, 
the  currents  flowing  through  the  coils  alter,  so  that  a 
moment  afterwards  it  has  attained  its  maximum  pressure 
in  coil  (2)  2,  next  moment  in  coil  (3)  3,  and  after  half  a 
revolution  in  coil  1  (1)  again,  but  reversed;  so  that  those 
coils  which  are  above  the  horizontal  centre  line  have  now  a 
negative  current  flowing  through  them,  and  those  below  a 
positive  current.  Thus  the  current  attains  its  maximum 
positive  and  negative  preasure  in  each  pair  of  coils,  placed 
diametrically  opposite  to  each  other  in  succession,  so  that 
the  N  and  S  poles  are  constantly  assuming  a  diflferent 
position  and  travel  right  round  the  ring,  whereby  the  mag- 
netic field  rotates  just  as  if  the  magnetic  ring  itself  were 
being  revolved,  and  with  the  same  speed  as  the  armature  of 
the  generator  which  supplies  the  current. 

The  armature  consists  of  a  cylindrical  laminated   iron 
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core,  having  a  spindle  on  which  it  revolves,  and  a  number 
of  insulated  copper  wires  or  bars  arranged  on  its  outer 
surface,  parallel  with  each  other  and  with  the  spindle. 
These  wires,  or  bars,  are  connected  together  at  both  ends  on 
the  face  of  the  core  by  metal  rings  or  discs,  one  on  each 
side,  so  that  the  induced  current  can  flow  freely  from  one 
wire  to  another;  but  they  have  no  connection  with  the 
generator  whatever,  the  current  flowing  through  them 
being  generated  as  the  lines  of  force  from  the  rotating 
magnetic  fleld  are  cut  through  by  the  wires,  thus  causing 
opposing  lines  of  force  to  circle  round  them. 

lastead -of  connecting  all  the  wires  together  so  that  the 
induced  current  can  flow  uninterruptedly  from  one  to  the 
other,  they  can  be  connected  in  groups  to  insulated  metal 
rings  on  the  armature  spindle,  having  brushes  to  collect 
the  current  connected  with  resistances  through  which  the 
current  is  compelled  to  flow,  whereby  a  portion  of  it  is 
destroyed,  and  thus  less  current  flows  through  the  wires 
and  fewer  lines  of  force  circle  round  them. 

By  means  of  a  switch  any  number  of  resistances  can  be 
switched  on,  or  all  can  be  disconnected,  allowing  the  full 
current  to  flow  through  the  wires,  whereby  the  speed  of  the 
armature  can  be  regulated,  this  being  especially  necessary 
while  starting  and  stopping  with  a  heavy  load,  or,  in 
fact,  whenever  starting  and  stopping  gradually  is  de- 
sirable. 

Two-phase  induction  motors  are  worked  in  exactly  the 
same  manner,  only  that  two  sets  of  coils  are  wound  on  the 
field  magnets  instead  of  three,  the  current  being  supplied 
by  a  two-phase  generator. 

Lately  induction  motors  have  been  made  to  work  with 
single-phase  current  by  splitting  up  the  current  into  two 
portions,  and  retarding  one  portion  so  that  it  enters  the 
motor  a  quarter  of  a  period  behind  the  other,  thereby  pro- 
ducing a  second  phase  artificially  while  the  motor  is  being 
started  and  until  it  has  attained  its  full  speed,  when  it  con- 
continues  working  with  the  single-phase  current  in  its 
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ordinary  state,  oscillating  backwards  and  forwards  be- 
tween the  two  portions  of  the  coils  placed  diametrically 
opposite  to  each  other.  These  machines  are  not  nearly  so 
efficient  as  the  two  and  three-phase,  however,  and  they  are 
liable  to  stop  whenever  a  heavy  load  is  suddenly  put  on. 
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TRANSFORMERS. 

We  have  already  mentioned  that  the  electric  unit  of 
power,  the  volt-ampere  or  watt,  equal  to  about  y:f^  of  a 
horse-power,  is  the  product  of  one  volt  and  one  ampere. 
Thus  the  power  of  a  current  of  100  amperes  at  10  volts 
pressure  is  one  kilowatt,  equal  to  about  I-}  horse-power,  and 
the  power  of  a  cuiTent  of  10  ampferes  at  100  volts  pressure 
is  also  one  kilowatt. 

The  sectional  area  of  the  wire  along  which  a  current  is 
conducted  is  dependent  on  the  arapferes  of  cuiTent ;  thus  to 
conduct  a  current  of  100  amperes  a  copper  wire  having  an 
area  of  about  50  square  millimetres  is  required ;  whereas  to 
conduct  a  current  of  10  ampferes  an  area  of  about  2^  square 
millimetres  is  sufficient,  quite  independently  of  the  voltage 
of  the  current. 

The  power  which  can  be  transmitted  electrically  by 
means  of  a  wire  having  a  given  area  varies,  therefore,  with 
the  pressure  or  voltage  of  the  current ;  thas  along  a  copper 
wire  having  an  area  of  50  square  millimetres,  equivalent  to 
about  a  quarter  of  an  inch  diameter,  one  kilowatt,  equal  to 
l^- horse-power,  can  be  transmitted  with  a  current  at  10  volts 
pressure ;  or  10  kilowatts,  equal  to  13j-  horse-power,  with  a 
current  at  100  volts  pressure ;  and  100  kilowatts,  equal  to 
133}  horse-power,  with  a  current  at  1000  volts  pressure. 

These  figures  are  only  approximate,  and  meant  to  show 
the  relation  that  exists  between  the  powers  that  can  be 
transmitted  at  different  voltages,  as  no  general  rule  can  be 
laid  down  for  determining  the  size  of  a  wire  to  conduct  a 
given  current ;  since,  owing  to  internal  resistance,  the  wir^ 
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becomes  more  or  less  heated,  with  a  conEequent  loss  of 
current. 

By  increasing  the  sectional  area  of  a  wire  its  conductivity 
is  increased,  and  there  will  be  less  current  absorbed  in  the 
shape  of  heat. 

It  is  obvious  that  there  will  be  a  greater  loss  in  conducting 
a  current  along  a  very  long  wire  than  along  a  very  short 
one,  and  the  loss  is  proportional  to  the  length  of  the  wire ; 
so  that  if  conducting  a  current  along  a  very  short  wire 
results  in  a  certain  percentage  of  loss,  whereby  the  wire 
becomes  appreciably  warm,  by  increasing  the  length  with- 
out increasing  the  sectional  area  of  the  wire  a  point  will 
eventually  be  reached  where  the  whole  of  the  cuiTent  is 
absorbed  in  the  shape  of  heat,  and  none  is  available  for 
other  purposes. 

The  main  point  to  be  considered  in  determining  the  size 
of  the  wire  where  a  current  has  to  te  conducted  a  very 
long  distance,  is  the  capital  which  must  be  spent  on  the 
conducting  wire,  and  to  what  extent  this  may  be  increased 
to  minimise  the  loss  of  current  in  the  wire  by  increasing  its 
area,  so  that  the  money  representing  the  extra  current 
obtained  thereby  covei^s  the  interest  on  the  extra  outlay. 
This  is,  of  course,  a  very  complicated  matter,  and  requires 
very  deep  and  careful  calculation. 

From  the  foregoing  it  will  be  clearly  understood  that  to 
conduct  a  current  of  electricity  to  any  considerable  distance 
economically  a  high  voltage  must  be  employed,  so  as  to 
reduce  the  quantity  of  copper  in  the  wires  as  much  as 
possible. 

On  the  Continent  and  in  the  United  States  of  America 
currents  of  as  high  a  voltage  as  10,000  or  12,000  are  by  no 
means  infrequently  used  for  transmitting  power  electrically 
to  very  great  distances,  and  there  are  instances  where  even 
30,000  volts  are  attained.  There  are  isolated  instances  of 
continuous  currents  being  employed  for  transmitting  power 
to  very  great  distances  at  very  high  voltages  reaching  up  to 
15;000;but  it  is  impossible  with  one  machine  to  generate 


37G  Transformers. 

a  continuous  current  of  such  a  high  voltage  as  this.  In 
such  cases  several  generators  must  be  used  connected  in  series, 
so  that  the  current  generated  by  the  first  passes  on  to  the 
second,  and  from  this  to  the  third,  and  so  on,  the  voltage 
being  increased  as  the  current  passes  through  each  successive 
machine,  but  the  difference  of  potential  between  the  positive 
and  negative  terminals  of  any  one  machine  may  not  exceed 
about  2000.  And  in  the  same  way  at  the  receiving  station, 
where  the  current  is  conducted,  it  drives  a  number  of  motors 
connected  in  series. 

In  Switzerland,  where  a  continuous  current  of  14,400  volts 
is  generated  at  Combe-Garrot  and  conducted  a  distance  of 
twenty  kilometres  to  Chaux  de  Fonds,  nine  generators  are 
used,  connected  in  series,  so  that  the  difference  of  potential 
between  the  positive  and  negative  terminals  of  any  one 
generator  does  not  exceed  1800  volts,  and  at  the  receiving 
station  the  motors  work  with  a  maximum  difference  of 
potential  of  600  volts  between  each  of  their  positive  and 
negative  terminals. 

It  is  possible,  although  difficult,  to  construct  good 
dynamos  to  generate  a  continuous  current  of  2000  to  3000 
volts,  or  even  more,  but  the  difficulty  of  effectively 
insulating  these  machines  and  constructing  them  so  that 
no  sparks  are  formed  at  the  commutator  is  so  great,  and 
involves  a  so  much  greater  cost,  that  such  high  voltages 
cannot  be  generated  economically;  nor  is  this  of  very 
great  importance  in  these  days  when  alternating  currents 
c  n  be  generated  so  easily  to  serve  the  same  purpose, 
namely,  to  transmit  power  from  one  place  to  another  at  a 
very  great  distance  away,  and  when  alternating  machines 
have  reached  such  a  high  state  of  perfection. 

The  employment  of  such  high  voltages  Ls,  of  course,  not 
without  some  considerable  danger  connected  with  it  which 
must  be  carefully  guarded  against,  as  a  shock  might  result 
in  instant  loss  of  life  or  permanent  disablement  of  a  person, 
and  the  insulating  material  surrounding  wires  in  contact 
with  metala  or  oth^r  conducting  substance  must  be  very 
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perfect,  as  it  is  otherwise  very  liable  to  be  punctured  by 
the  current  in  its  endeavours  to  force  itself  a  way  through 
and  escape. 

For  general  motive  purposes  or  for  driving  motors  which 
require  to  be  frequently  reversed,  a  continuous  current  of 
from  100  to  500  volts  is  most  frequently  and  satisfactorily 
employed. 

Incandescent  lamp,  are  now  made  giving  satisfactory 
results  when  used  with  a  current  at  220  or  even  250  volts 
but  the  life  of  the  lamps  is  shortened  to  a  prohibitive  extent 
by  raising  the  voltage  beyond  this.  The  most  common 
voltage  for  lighting  with  incandescent  lamps  is  100,  and  it 
is  only  within  the  last  few  years  that  manufacturers  have 
been  able  to  put  on  the  market  a  durable  and  eiBcient  lamp 
for  use  on  220-volt  circuits.  Alternating  currents  can 
be  generated  at  a  much  higher  voltage  and  with  greater 
ease  than  continuous  currents,  for  the  sensitive  part  of 
the  continuous-current  generator,  namely,  the  commutator, 
does  not  exist  in  the  alternating  machines,  as  these  have 
only  simple  slip  rings  and  brushes  for  collecting  the 
current. 

There  is  also  another  reason  why  alternating  currents  can 
be  generated  advantageously  at  a  very  high  voltage, 
whereas  continuous  currents  cannot.  A  high  -  voltage 
current  is  only  advantageous  in  transmitting  power  between 
two  distant  places  on  account  of  the  saving  that  can  be 
effected  in  the  conducting  wires,  but  for  use  in  the  ordinary 
way  for  motive  purposes  it  is  extremely  inconvenient,  as 
well  as  dangerous,  and  for  lighting  purposes  altogether 
impracticable.  With  alternating  currents  the  voltage  can 
be  raised  or  lowered  with  the  greatest  ease  by  means  of 
transformers  which  have  no  rotating  parts,  consequently 
require  no  attention  and  have  also  a  very  high  efficiency ; 
that  is  to  say,  there  is  only  a  very  slight  loss  of  power  in 
transforming  an  alternating  current  from  a  high  to  a  low 
voltage,  or  vice  versd, 

A  current  is  generated  at  say,  2000  volts,  and  by  mean^ 
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of  transformers  this  voltage  is  raised  to,  say,  30,000,  so  as 
to  economise  in  the  wires  necessary  to  conduct  the  current 
to  a  receiving  station  at  a  far-distant  town,  where  it  is  to 
be  utilised  for  lighting  purposes.  At  the  receiving  station 
the  current  of  30,000  volts  is  transformed  into  one  of  2000 
volts,  and  in  that  state  conducted  to  the  different  houses,  at 
each  of  which  it  is  again  transformed  to  100  volts,  so  as  to 
be  suitable  for  lighting  with  incandescent  lamps.  In  this 
way  a  great  saving  is  effected  in  the  conducting  wires,  and 
inside  the  town  the  voltage  is  kept  down  to  within  reason- 
able and  convenient  limits. 

Transformers  for  continuous  currents  are  combinations  of 
a  dynamo  and  a  motor,  and  have  consequently  the  disad- 
vantages of  both,  besides  being  comparatively  expensive 
machines.  The  motor  receives  the  current  at  a  high  or  low 
voltage  and  drives  the  dynamo  which  is  wound  to  generate 
a  current  of  the  required  voltage. 

For  example,  a  100-kilowatt  machine  generates  a  continu- 
ous current  of  say,  100  amperes  at  1000  volts  pressure, 
which  must  be  utilised  for  lighting  purposes  a  considerable 
distance  away. 

This  current  drives  the  motor-dynamo  which  transforms 
it  into  one  of  nearly  1000  amperes  at  100  volts  pressure, 
there  being  some  loss  of  power  due  to  the  internal  resistance 
of  the  machine  itself.  Rotary  transformers  consist  some- 
times of  two  separate  machines,  a  dynamo  and  a  motor, 
mounted  on  one  base  plate  and  firmly  coupled  together; 
but  usually  a  special  machine  is  used,  furnished  with  a 
double  armature  having  two  separate  sets  of  coils  with 
two  commutators  mounted  on  one  spindle,  one  half 
working  as  a  motor  and  causing  the  spindle  to  rotate, 
while  the  other  half  works  as  a  dynamo  and  generates 
a  current.  These  machines  can  also  be  made  for  driving 
with  an  alternating  current  and  generating  continuous,  or 
for  driving  with  a  continuous  current  and  generating 
alternating. 

For  altering  the  voltage  of  alternating  currents  stationary 
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transformers  are  used,  which  are  altogether  unlike  the 
rotary  transformer  for  continuous  currents,  having  no  work- 
ing parts  whatever ;  consequently  they  have  a  very  high 
efficiency  and  require  no  more  attention  than  the  conducting 
wires. 

In  its  simplest  form  this  class  of  transformer  consists 
of  an  iron  ring  having  a  primary  and  a  secondary  coil  of 
insulated  copper  wire  wound  round  it,  in  the  manner 
shown  in  Fig.  188.     The  two  ends  of  the  primary  coil  a  are 


Fig.  188. 

connected  with  the  positive  and  negative  terminals  of  a 
generator  so  that  a  current  passes  through  the  wire  forming 
the  coil,  causing  lines  of  force  to  circle  round  it  which 
travel  through  the  iron  ling  and  magnetise  it. 

As  the  magnetic  lines  of  force  traverse  the  portion  of 
the  iron  ring  where  the  secondary  coil  h  is  wound  they  are 
intercepted  and  cut  through  by  the  wires,  thus  causing 
opposing  lines  of  force  to  circle  round  them,  and  a  current 
of  electricity  to  flow  through  the  secondary  coil  h. 
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Coil  a  receives  its  current  direct  from  the  generator,  and 
is  therefore  primary,  whereas  the  secondary  coil  b  receives 
its  current  by  induction. 

If  both  coils  consist  of  an  equal  number  of  turns  round 
the  iron  ring,  the  same  number  of  lines  of  force  which 
circle  round  the  wire  forming  the  primary  coil,  and  which 
magnetise  the  iron,  are  cut  through  in  the  same  time  by 
the  wire  forming  the  secondary  coil,  and  the  induced  or 
secondary  current  will  be  theoretically  exactly  the  same  as 
the  primary. 

If  the  secondary  coil  has  more  turns  than  the  primary, 
the  voltage  of  the  secondary  current  will  be  higher  than 
the  primary  ;  for  a  greater  number  of  lines  of  force  will  be 
cut  through  in  a  given  time  by  the  secondary  coil  than  are 
emitted  from  the  primary  coil ;  but  the  ampferes  of  the 
secondary  current  will  be  less  than  the  ampferes  of  the 
primary,  the  product  of  the  volts  and  the  ampferes  or  the 
watts  being  theoretically  the  same  in  both  the  primary  and 
secondary  currents.  If,  on  the  other  hand,  the  primary  coil 
has  a  greater  number  of  turns  than  the  secondary,  the 
voltage  of  the  secondary  current  will  be  lower  than  the 
voltage  of  the  primary,  but  the  ampferes  will  be  increased. 

In  the  figure  the  coil  a  consists  of  four  turns  and  b 
consists  of  eight.  Assuming  that  a  is  the  primary  coil 
having  a  current  of  20  amperes  at  100  volts  pressure 
flowing  through  it,  the  current  induced  in  coil  6  will  be 
nearly  10  amperes  at  200  volts  pressure.  There  will  be 
some  loss  of  power  due  to  the  resistance  to  the  electric 
current  in  the  coils  and  to  the  magnetic  lines  of  force  in 
the  iron  core,  and  some  also  due  to  the  fact  that  not  all  the 
lines  of  force  are  utilised  for  inducing  a  current  in  the 
secondary  coil,  as  some  manage  to  escape  through  the 
air  instead  of  through  the  iron  core  and  past  the  secondary 
coil. 

Transformers  of  this  class  are  merely  practical  applicar 
tions  in  their  simplest  possible  form  of  the  principles 
enumerated  in  L^nz's  law.    That  is  to  say,  an  alternating 
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current  flowing  through  a  coil  of  insulated  copper  wire 
surrounding  a  piece  of  iron  constantly  magnetises  it  alter- 
nately in  opposite  directions,  and  causes  a  constant  change 
to  take  place  in  a  magnetic  field  in  relation  to  an  electrical 
conductor  placed  within  its  influence,  namely,  the  secondary 
coil,  and  thereby  produces  by  induction  an  alternating 
electric  current  in  the  secondary  coil. 

It  is  clear  that  if  a  continuous  current  were  to  flow 
through  the  primary  coil  an  alteration  in  the  magnetic 
field  in  relation  to  the  electrical  conductor  forming  the 
secondary  coil  would  only  take  place  at  the  instant  when 
the  current  is  turned  on  or  off*,  thereby  momentarily 
inducing  a  feeble  current  in  the  secondary  coil.  These 
transformers,  therefore,  can  only  be  used  with  alternating 
currents. 

Properly  constructed  transformers  for  alternating  currents 
of  from  5  to  200  kilowatts  have  an  efficiency  of  about 
93  to  98  per  cent.,  the  larger  ones  having  a  higher 
efficiency  than  the  smaller.  That  is,  about  2  to  7  per  cent, 
of  the  current  is  lost  in  the  process  of  transformation, 
through  the  internal  resistance  of  the  machine,  when  used 
with  the  full  current  for  which  it  is  constructed,  but  when 
used  with  a  weaker  current  the  percentage  of  loss  is  con- 
siderably greater. 
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CHAPTER  XXIV. 

MEASUREMENT  OF   CURRENT. 

Having  briefly  described  the  principle  of  the  modern 
electric  generators,  motors,  and  transformers,  we  will  proceed 
to  define  more  clearly  some  of  the  units  in  which  the  power 
of  a  current  is  expressed,  and  which  have  been  frequently 
mentioned  in  the  foregoing  chapters,  as  well  as  to  describe 
what  relation  they  bear  to  one  another,  and,  as  far  as 
possible  in  a  simple  manner,  how  they  are  measured  and 
what  their  equivalents  are  in  measures  with  which  all  are 
familiar. 

The  Amphre,  the  unit  in  which  the  quantity  of  electricity 
conveyed  in  a  current  is  expressed,  is  that  quantity  flowing 
for  one  second  of  time  through  a  solution  of  nitrate  of  silver 
in  water  which  deposits  1'12  mgr.  of  silver.  It  may  also 
be  measured  by  the  power  of  the  magnetic  lines  of  force 
which  it  is  capable  of  creating  when  conducted  along  a  coil 
of  wire  ;  and  on  this  property  is  based  the  construction  of 
the  modem  ampere-meter,  or  ammeter. 

The  Ohm,  the  unit  in  which  resistance  to  the  flow  of  a 
current  of  electricity  is  expressed,  equivalent  to  friction  in 
mechanics,  is  the  resistance  of  a  column  of  mercury  having 
a  sectional  area  of  one  square  millimetre  and  a  length  of 
1063  mm.,  at  a  temperature  of  0°  Cent.  That  is  to  say,  if  a 
current  of  one  ampfere  with  an  electromotive  force  of  one 
volt  is  applied  to  the  end  of  the  column  of  mercury,  the 
resistance  is  just  sufficient  to  absorb  the  whole  of  the 
current  by  converting  it  into  heat  so  that  none  is  available 
at  the  other  end. 
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Tlie  Volt,  the  unit  in  which  the  electromotive  force  caused 
by  a  difference  of  electric  potential  in  a  conductor  is 
espressed,  or,  as  it  is  sometimes  called,  the  pressure  of  a 
current,  is  that  electromotive  force  which  produces  a  current 
of  one  ampere  in  a  conductor  whose  resistance  is  one  ohm 
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The  law  discovereil  by  Dr.  Ohm,  and  called  after  him 
Ohm's  law,  may  be  expressed  aa  follows ; — 

The  electromotive  force  necessary  to  cause  a  current  of 
electricity  to  flow  from  one  point  to  another  in  a  conductor, 
measured  in  volts,  is  equal  to  the  quantity  of  the  electricity 
measured  in  amperes  multiplied  by  the  resistance  of  the 
conductor  measured  in  ohms.  Thus  1  volt  =  1  ampfere  x 
1  ohm,  or  1  ampere  =  1  volt  -i-  1  ohm.  To  illustrate  more 
clearly  the  relation  that  exists  between  these  three  units 
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we  will  again  refer  to  our  illustration  of  the  bent  tube 
filled  with  air — see  Fig.  164,  page  332, 

When  the  tap  is  turned  on  full  so  that  the  air  can  pass 
freely  from  one  side  of  the  tube  to  the  other,  if  the  piston 
is  moved  there  is  verv  little  resistance  to  the  movement,  and 
very  little  pressure  need  be  applied  to  cause  it  to  move.  If 
we  now  half  close  the  tap  so  that  the  opening  is  only  half 
as  large  as  it  was  when  turned  on  fidl,  the  resistance  to  the 
passage  of  the  air  is  twice  as  great  as  it  was  before,  con- 
sequently twice  the  pressure  must  be  applied  to  the  piston 
to  move  it  the  same  distance  in  the  same  time. 

When  the  tap  was  turned  on  full,  if  a  pressure  of  1  lb. 
applied  to  the  handle  of  the  piston  was  sufficient  to  move 
it  1ft.  in  one  second,  assuming  that  the  area  of  the  piston  is 
one  square  inch  12  cubic  inches  of  air  will  pass  through  the 
tap  in  one  second;  and  when  the  opening  in  the  tap  is 
reduced  by  one-half  so  that  twice  the  resistance  is  offered 
to  the  passage  of  the  air,  twice  the  pressure,  or  2  lb.,  must  be 
applied  to  the  handle  of  the  piston  to  send  the  same  quantity 
of  air,  12  cubic  inches,  through  the  tap  in  one  second.  Or 
if  1  lb.  pressure  is  applied,  only  6  cubic  inches  of  air  will 
pass  through  the  tap  in  one  second.  The  ampere,  the  ohm, 
and  the  volt  bear  the  same  relation  to  one  another  when  a 
current  of  electricity  flows  through  a  conductor  that  the 
quantity  of  air,  the  resistance  offered  to  its  passage  dependent 
on  the  size  of  the  hole  in  the  tap,  and  the  pressure  applied 
to  it  by  means  of  the  piston,  bear  to  one  another  in  our 
illustration. 

Let  it  be  assumed  that  in  a  circuit  supplied  with  a 
constant  current  from  a  generator  having  a  difference  of 
potential  of  100  volts  between  its  positive  and  negative 
terminals,  we  wish  to  connect  some  arc  lamps  constructed 
to  work  with  a  difference  of  potential  of  40  volts  between 
each  of  their  positive  and  negative  terminals,  the  quantity 
of  current  required  by  each  to  give  the  requisite  candle- 
power  being  10  amperes. 

Now,  since  according  to  Ohm's  law,  amperes  =  volts  -t- 
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ohms,  then  ohms  =  volts  -;-  amperes,  and  in  our  example 
we  have  40  volts  and  10  amperes,  so  that  the  resistance  of 
each  lamp  will  be  40  -s-  10  =  4  ohms. 

To  connect  a  single  40-volt  10-ampere  lamp  to  the  100- 
volt  circuit,  we  should  have  to  increase  the  resistance  of  the 
lamp  to  10  ohms  by  adding  to  it  an  extra  resistance  of 
G  ohms,  80  that  10  ohms    x    10  amperes  =  100  volts,  thus 


involving  a  loss  of  60  per  cent,  of  the  electrical  energy — see 
Fig.  189.  We  can,  however,  double  the  efficiency  of  the 
installation  by  connecting  two  lamps  in  series,  that  is,  one 
behind  the  other,  so  that  the  same  current  flows  through 
each  lamp  in  succession,  but  the  arrangement  necessitates 
always  having  both  lamps  alight  simultaneously.  In  this 
way  the  resistance  of  the  lamps  is  increased  to  8  ohms,  and 
it  will  be  necessary  to  add  an  extra  resistance  of  only  I  ohm 
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to  each  lamp  to  give  the  requisite  voltage.  Fig.  190  shows 
the  arrangement. 

It  may  be  mentioned  here  that  it  is  always  advisable  or 
oven  necessary  to  add  some  extra  resistance  to  each  arc 
lamp,  as  this  is  of  assistance  to  the  mechanism  for  feeding 
the  carbons  in  producing  a  steady  light. 

Since  the  diflference  of  potential  between  a  and  c  in 
Fig.  190  is  100  volts,  and  the  resistance  10  ohms,  a  current 
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of  10  amperes  will  flow  from  a  to  c,  and  the  resistance 
between  a  and  b  being  only  5  ohms,  the  difference  of 
potential  between  a  and  b  is  oO  volts,  and  between  b  and  c 
also  50  volts,  making  a  total  of  100  volts  between  a  and  c 
with  a  constant  current  of  10  amperes  flowing  from  a  to  c. 

As  a  current  of  10  amperes  is  required  for  each  lamp  at  a 
pressure  of  only  40  volts,  the  resistance  of  each  lamp  being 
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4  ohms,  the  extra  resistance  of  1  ohm  is  required  only  to 
reduce  the  voltage  by  absorbing  a  portion  of  the  current 

The  conducting  wire,  may  be  compared  to  a  tube  of 
uniform  bore  throughout  but  with  a  diaphragm  in  the 
centre,  having  a  piston  on  one  side  of  it  and  an  outlet 
hole  on  the  other  side — Fig.  191.  If  the  air  on  one  side 
of  the  tube  is  compressed   by   means    of   the  piston,  the 
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pressure  on  the  piston  side  of  the  diaphragm  will  be 
greater  than  the  pressure  on  the  other  side,  and  the 
difference  of  pressure  will  depend  on  the  size  of  the  open- 
ing in  the  diaphragm  and  on  the  outlet  hole ;  for  if  the 
diaphragm  is  entirely  closed  there  will  be  a  certain 
pressure  on  the  side  where  the  piston  is,  but  on  the  other 
side  there  will  be  none,  and  if  the  diaphragm  is  entirely 
removed  the  pressure  will  be  uniform  throughout  the 
tube,  and  any  intermediate  difference  of  pressure  will 
depend  on  the  size  of  the  opening  in  the  diaphragm.  The 
piston  in  this  case  may  be  compared  with  the  generator, 
the  outlet  hole  with  the  resistance  due  to  the  arc  lamp 
and  the  diaphragm  with  the  intermediate  resistance  to 
regulate  the  pressure  of  the  current  flowing  through  the 
lamp. 

Again  referring  to  our  illustration  of  the  bent  tube,  this 
time  having  two  taps  instead  of  one,  as  shown  in  Fig.  102, 
a  movement  of  the  piston  in  the  direction  indicated  by  the 
arrow  compresses  the  air  at  a  and  produces  a  partial 
vacuum  at  c,  and  if  the  air  is  compressed  to  1  lb.  per 
square  inch  at  a  the  vacuum  at  c  will  have  a  pressure  of 
1  lb.  per  square  inch  also,  but  negative  to  the  pressure  at 
a,  so  that  the  difference  of  pressure  between  a  and  c  will 
be  2  lb.  per  square  inch. 

Assuming  that  both  the  taps  are  closed,  the  condition 
of  the  air  at  b  is  the  same  as  that  of  the  air  outside  sur- 
rounding the  tube,  and  in  respect  to  the  air  inside  the  tube 
at  a  and  c  neutral.  The  difference  of  pressure  between  a 
and  b  will  therefore  be  1  lb.,  and  between  b  and  c  1  lb.  also, 
making  a  total  of  2  lb.  between  a  and  c.  If  the  openings 
in  both  taps  are  alike  they  both  offer  the  same  amount  of 
resistance  to  the  passage  of  the  air,  and  if  they  are  both 
opened  simultaneously  the  air  will  inish  from  a  into  b  and 
from  b  into  c  with  a  uniform  velocity  without  affecting  the 
condition  of  the  air  at  b  which  still  remains  neutral, 
assuming,  of  course,  that  the  initial  pressure  on  the  piston 

is  kept  up.     This  is  obvious,  for  if  the  air  at  b  were  com- 

B  B  2 
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pressed  to  the  same  degree  as  at  a  no  air  would  pass  from 
a  to  b,  and  likewise  if  rarified  to  the  same  degree  as  at  c 
no  air  would  pass  from  6  to  c. 

This  serves  to  illustrate  the  condition  of  the  electric 
current  at  different  points  in  a  circuit  when  lamps  or 
motors  are  connected  in  series — see  Fig.  190 — ^and  also  the 
nature  of  the  current  at  the  positive  and  negative  terminals 
of  a  generator ;  the  one  being  comparable  to  the  outward 
pressure  when  air  is  compressed  in  a  tube,  and  the  other  to 
the  inward  pressure  when  a  vacuum  is  formed  in  a  tube. 

The  power  of  a  current  of  electricity  ia  the  product  of 
the  current  as  measured  in  amperes,  and  the  difference  of 
potential  or  pressure  as  measured  in  volts  between  any  two 
points  in  a  circuit  intercepted  by  a  resistance,  which  may 
be  a  motor  or  a  lamp,  or  even  a  more  or  less  imperfect 
conductor;  and  at  any  given  instant  this  power  is 
theoretically  equal  to  the  power  which  a  motor  or  any 
other  resistance  exerts  at  the  same  instant  in  doing  a 
certain  amoimt  of  work. 

For  instance,  an  electric  generator  connected  with  a 
circuit  for  supplying  a  motor  with  current  supplies  only 
just  sufficient  for  the  work  which  the  motor  has  to  do, 
and  when  the  load  is  taken  off  the  motor  the  current  is 
only  sufficient  to  overcome  the  resistance  to  the  flow  of 
the  cun-ent  in  the  conductors  and  the  resistance  to  the 
rotation  of  the  armature  caused  by  the  air  and  by  the 
friction  in  the  bearings  of  the  armature  spindle ;  and  just 
as  in  our  illustration  we  showed  that  the  pressure  of  the 
air  on  One  side  of  the  tap  is  a  positive  pressure  when  the 
piston  is  moved,  and  on  the  other  side  a  negative  pressure, 
so  the  pressure  or  potential  of  the  current  in  the  circuit  is 
positive  on  one  side  of  the  motor  or  other  resistance,  and 
on  the  other  side  negative.  The  difference  between  the 
pressure  of  the  air  on  each  side  of  the  tap  is  that 
available  for  work,  and  represents  the  potential  of  the 
current. 

As  there  is  no  loss  of  air  in  the  air  pump  when  the  air 
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passes  from  one  side  of  the  tap  to  the  other  but  only  a 
traasmission  of  power  by  the  aid  of  the  air  molecules, 
so  there  is  no  loss  of  current  when  this  is  used  for  driving 
a  motor  or  for  producing  a  light  but  only  a  reduction  of 
potential  in  doing  work. 

The  action  is  merely  a  change  of  condition  instantly 
transmitted  along  a  metal  conductor.  The  current  carries 
the  initial  motive  power,  comparable  to  air  under  pressure, 
to  the  point  at  which  the  work  has  to  be  done,  which  may 
be  the  vibration  of  carbon  molecules  to  produce  a  light,  or 
the  creation  of  magnetic  lines  of  force  to  drive  a  machine, 
or  the  production  of  heat  in  overcoming  the  resistance  of 
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an  imperfect  conductor ;  and  for  comparison  it  may  be  said 
that,  like  the  air  molecules  in  our  air  pump,  after  doing  its 
work  it  passes  on  at  a  lower  pressure  to  the  minus  or 
negative  wire,  there  to  equalise  the  potential.  As  a  con- 
tinuous working  pump  would  gather  up  the  air  molecules 
and  again  compress  them,  so  the  dynamo  continually 
creates  a  condition  of  difference  of  potential  and  thus 
supplies  a  constant  current  of  that  force  which  we  term 
electricity. 

In  order  to  measure  a  current  of  electricity  two  instru- 
ments must  be  used,  namely,  the  ammeter  for  measuring 
the  quantity  of  electricity  conveyed  in  the  current,  and 
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the  voltnuter  for  measuring  the  potential  or  pressure  of  the 
current. 

These  two  instruments  are  connected  up  to  the  circuit  in 
the  manner  shown  in  the  diagram,  Fig.  193. 
.  There  are  many  other  instruments  in  use,  such  as  volta- 
meters,  for  measuring  the  actual  quantity  of  electricity 
supplied  to  consumers,  registering  this  like  gas  by  a  gas- 
meter;  wattmeters,  for  measuring  electrical  power,  and 
registering  this  like  a  voltameter,  but — unlike  the  volta- 
meter— taking  both  the  volts  and  the  amperes  into  con- 
sideration; oATJime^ers,  for  measuring  the  resistance  of  con- 
ductors, &c.  &c.  But  it  is  beyond  the  scope  of  these 
articles  to  enter  into  a  description  of  these,  consequently 
we  will  restrict  ourselves  to  describing  very  briefly  the 
voltmeter  and  the  ammeter  only,  and  the  manner  in  which 
these  two  instruments  are  connected  up  to  the  circuit,  as 
this  is  of  importance  in  order  to  more  fully  elucidate  the 
action  of  the  electric  current  in  a  circuit. 

The  ammeter  is  connected  directly  in  the  circuit  so  that 
the  whole  of  the  current  used  for  the  lamps  or  motors  has 
to  pass  through  it,  and  consists  of  a  needle  pivoted  over  a 
graduated  scale  in  such  a  manner  that  the  current  passing 
through  a  short  thick  coil  of  wire  of  low  resistance  is 
utilised  for  deflecting  the  needle  by  the  magnetic  lines  of 
force  which  it  produces. 

The  voltmeter,  on  the  other  hand,  is  not  connected 
directly  in  the  circuit  but  it  is  connected  to  it  at  two 
points,  one  on  the  positive  and  one  on  the  negative 
wire,  by  a  separate  wire,  and  measures  the  difference  of 
potential  between  those  two  points,  usually  close  to  the 
terminals  of  the  dynamo.  The  voltmeter  is  often  exactly 
similar  in  construction  to  the  ammeter,  with  the  difference 
that  a  very  long  thin  coil  of  wire  of  high  resistance — often 
many  thousand  ohms — is  used  instead  of  a  short  thick  coil. 
In  the  case  of  Cardew's  voltmeter,  however,  the  deflection 
of  the  needle  is  brought  about  by  the  expansion  of  a  long 
thin  platinum  wire  caused  by  the  beat  produced  as  the 


Conductance.  391 

current  passes  through  it ;  but  in  all  voltmeters  the  current 
has  a  very  high  resistance  to  overcome  so  that  only  a  very 
minute  quantity  passes  through  the  instrument. 

It  is  of  inestimable  value  to  electrical  engineers  that  a 
circuit  may  be  divided  at  any  point  and  joined  together 
again  by  any  number  of  conductors,  and  the  current 
will  not,  as  might  be  supposed,  flow  along  the  line  of  least 
resistance  only,  but  it  will  flow  along  each  conductor 
exactly  in  proportion  to  its  conductance ;  that  is,  inversely 
in  proportion  to  its  resistance.  If  the  resistances  of  two 
conductors  be  R  and  r,  their  conductances  will  be  reciprocals 

1  1 

of  these  values,  or  ^  and  -^  respectively ;  their  joint  con- 
ductance, or  the  sum  of  their  separate  conductances, 
^   +  ~,  and  their  joint  resistance  the  reciprocal  of  this 

Rr 

value,  or 


R  +  r 

It  is  clear  that  the  joint  resistance  of  two  or  more  con- 
ductors will  be  less  than  the  resistance  of  either  conductor 
singly,  for  the  two  conductors  together  present  a  greater 
area  along  which  the  current  can  flow  than  a  single  con- 
ductor, in  the  same  way  as  there  will  be  less  resistance  to 
the  flow  of  water  in  a  tin  can  with  two  holes  in  the  bottom 
than  in  a  can  with  only  one  hole  whose  area  is  less  than 
the  joint  area  of  the  two  holes ;  and  provided  the  height  of 
the  water  or  the  pressure  of  the  water  in  the  two  cans  is 
the  same,  the  can  with  two  holes  in  the  bottom  will  conduct 
more  water  in  a  given  time  than  the  can  with  onl}^  one 
hole. 

If  R  represents  a  resistance  of  three  ohms,  and  r  a  resist- 
ance of  2  ohms,  their  conductances  will  be  ^  and  ^  mho 
respectively;  their  joint  conductance  will  be  4-  +  -J-  =  ^mho, 
and  their  joint  resistance  f  =  l-J-  ohms. — Note:  The  teim 
condv/dance  is  used  as  the  inverse  of  resistance  and  mho  as 
the  inverse  of  ohm. 

Let  us  now  briefly  examine  the  course  of  the  current  in 
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the  circuit  represented  in  the  diagmm,  Fig.  193,  in  order  to 
arrive  at  some  explanation  of  how  one  instrument  measures 
the  amperes  of  the  current  while  the  other  measures  the 
volts.  At  the  commencement  of  this  chapter  we  explained 
that  the  current  flowing  through  a  conductor  measured  in 
amperes  is  equal  to  the  electromotive  force  of  the  current 
measured  in  volts  divided  by  the  resistance  of  the  conductor 

measured  in  ohms :  thus  amperes  =  —. or  C  =  -^r- 

ohms  K 

Referring  to  our  diagram,  we  will  a&sume  that  the 
dynamo  generates  a  current  of  100  volts  pressure,  and  that 
the  voltmeter  has  a  resistance  of  5000  ohms.  Assuming 
that  all  the  lamps  are  switched  off,  the  current  which  the 
dynamo  will  generate  is  dependent  on  the  resistance  of  the 

voltmeter  only;  thus  C  =  -— —  =  0*02  amperes;  but  no  cur- 
rent will  flow  through  the  ammeter  in  consec^uence  of  the 
circuit  between  that  instrument  and  the  generator  being 
broken ;  for  the  connection  between  the  positive  and 
negative  wires  is  made  only  when  the  lamps  are  turned  on, 
excepting  between  those  points  where  the  voltmeter  is  con- 
nected. 

Let  us  now  turn  on  the  first  pair  of  lamps  which  have  a 
joint  resistance  of  10  ohms.  There  are  then  two  connec- 
tions between  the  positive  and  negative  wires,  the  voltmeter 

circuit  having  a  conductance  of  --—  mho  and  the   lamp 

Ov/Ul/ 

circuit  a  conductance  of  —  mho.    Their  joint  conductance 

will  be  ^^  +   j^  =   ^^  mho,  their  joint    resistance 

^^  =  9'98  ohms,  and  the  current  which  will  flow  through 
501 

it  with  the  pressure  of  100  volts,  C  =  ^  =  10-02  am- 
pferes.    Of  this  current  the  lamps  will  take  C  =  -^  =  10 
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amperes,  and  the  voltmeter  the  remainder,  or  - — -  =  002 
^  '        5000 

ampferes,    exactly   the    same   as  when    the    lamps    were 

switched  off. 

In  the  same  way,  if  the  five  pairs  of  lamps  are  turned  on 
there  will  be  six  connections  between  the  positive  and  the 

negative  wire,  with  a  total  conductance  of  -r-^  +    (t:x  "5 ) 
"^  5000  \10     / 

=  rTww^  n^ho,  and  a  joint  resistance  of  — —  =  1*9992 
ohms.  The  current  which  will  flow  through  the  resistance 
at  the  same  pressure  of  100  volts,  C  =  t^qttjs  =  50*02  am- 

p^res,  of  which  the  lamps  will  take  -^  =  50  ampferes  and 

the  voltmeter  0*02  amperes  as  before. 

Supposing  we  increase  the  pressure  of  the  current  to 
200  volts,  then,  when  the  lamps  are  all  disconnected  the 
whole   current   will  pass   through   the   voltmeter  and   its 

magnitude  will  be  C  =  -:: =  004 ampfere,  that  is  exactly 

twice  as  great  as  when  the  pressure  was  only  half  as  great> 
or  100  volts.  Further  investigation  will  show  that  the 
current  which  flows  through  the  voltmeter  varies  exactly  as 
the  electromotive  force  or  pressure  of  the  current  and  is 
quite  independent  of  the  total  current  generated,  or  of  any 
resistance  which  may  be  switched  on  outside  the  voltmeter 
circuit. 

Three-wire  System. — While  examining  the  course  of  a 
current  in  a  circuit  it  may  be  as  well  to  describe  the  system 
of  wiring  for  continuous  currents  known  as  the  "  three-wire 
system  "  which  is  being  largely  adopted  at  the  present  time, 
as  it  enables  higher  voltages  to  be  used  and  twice  the 
number  of  Idmps  to  be  lit  with  very  little  extra  expendi- 
ture in  the  wiring. 

As  we  have  alrexdy  mentioned,  the  voltage  of  the  current 
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used  for  lighting  with  incandescent  lamps  may  not  exceed 
about  220. 

The  voltage  of  alternating  currents  can  be  easily  and 
economically  raised  or  lowered,  even  on  a  small  scale,  by 
means  of  transformers ;  but  this  is  not  the  case  with  con- 
tinuous currents  where  a  transformer  can  only  be  economi- 
cally used  in  a  large  installation. 

It  is,  of  course,  always  possible  to  connect  lamps  in  series 
and  on  the  Central  London  Railway  where  the  voltage  of 
the  current  is  about  500,  five  incandescent  lamps  are  con- 
nected in  series,  so  that  the  voltage  between  the  positive 
and  negative  terminals  of  each  lamp  is  only  100.  This 
system,  however,  is  only  practicable  in  exceptional  cases,  as, 
besides  other  disadvantages  which  it  possesses,  the  five 
lamps  in  series  must  necessarily  be  inseparable,  so  that  if 
one  is  alight  all  must  be  alight  and  if  one  bums  out  or  is 
otherwise  extinguished  all  will  be  extinguished.  For  this 
reason  lamps  should  always  be  connected  in  parallel  if 
possible  in  order  that  any  lamp  may  be  switched  off  with- 
out disturbing  the  rest. 

An  installation  on  the  three-wire  system  requires  two 
generators  connected  in  series  ;  or  the  same  effect  may  be 
produced  with  one  generator  having  a  double  armature 
with  two  commutators  and  two  sets  of  brushes,  but  the 
connections  would  be  the  same  in  either  case.  Fig.  194 
shows  the  arrangement. 

By  adopting  this  system  a  voltage  of  say,  220  can  be 
used  for  lighting  and  440  for  motive  purposes,  with  the 
advantage  that  the  wires  need  only  be  large  enough  to 
carry  current  at  440  volts  pressure. 

It  will  be  seen  that  wire  a  leads  from  the  positive 
terminal  of  dynamo  I,  and  wire  c  leads  to  the  negative 
terminal  of  dynamo  1 1,  while  wire  6  is  neutml  and  may 
conduct  current  to  dynamo  I,  or  from  dynamo  1 1,  as  shown 
by  the  dotted  arrows  on  the  diagram,  according  to  which 
side  of  the  circuit  requires  more  current  than  the  other. 
Examining  the  course  of  the  current  along  the  whole  circuit 
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it  may  be  assumed  that  dynamo  II  generates  a  current  of, 
say,  220  volts,  passing  on  to  dynamo  I,  which,  being  wound 
the  same  as  dynamo  1 1,  also  generates  a  current  of 
220  volts;  but  as  the  two  dynamos  are  connected  in 
series  the  current  passing  from  one  machine  to  the  other 
is  doubled  in  voltage  without  increasing  in  amperes. 

An  admirable  representation  of  this  may  be  seen  in  our 
air  pump,  Fig.  192,  where  the  back  of  the  piston  represents 
the  negative  terminal  of  dynamo  1 1,  and  the  front  of  the 
piston  the  positive  terminal  of  dynamo  I,  while  the  wires 
a,  6,  and  c  are  represented  by  the  different  portions  of  the 
pump  a,  6,  and  c  respectively. 

Just  as  the  pressure  of  the  air  in  the  pump  at  a  is  +  1  lb., 
at  6  neutral,  and  at  c  —  1  lb.,  with  1  lb.  difference  of  pres- 
sure between  a  and  h  and  between  h  and  o,  and  2  lb.  differ- 
ence of  pressure  between  a  and  c,  so  in  the  circuit.  Fig.  194, 
we  have  a  potential  of  +  220  volts  at  a,  -  220  volts  at  c, 
and  a  neutral  wire  at  6,  with  a  difference  of  potential  of 
220  volts  between  a  and  h  and  between  h  and  c,  and  a 
difference  of  potential  of  440  volts  between  a  and  c. 

The  two  sets  of  lamps  I  and  1 1  are  merely  connected  in 
series;  and,  if  both  sets  require  the  same  amount  of  current, 
no  current  at  all  passes  along  the  wire  h  to  or  from  the 
generators. 

But  if  there  were  no  connection  between  the  wire  h  and 
the  generators,  supposing  one  of  the  lamps  I  burned  out  or 
otherwise  became  disconnected,  it  would  at  once  affect  all 
the  lamps  1 1,  which  would  burn  very  dimly,  because  the 
amount  of  current  which  the  resistance  of  the  three  lamps 
allows  to  flow  through  when  distributed  over  the  four 
lamps  would  be  insufficient,  but  having  the  wire  h  con- 
nected with  the  generators,  the  tendency  would  be  for 
dynamo  1 1  to  at  once  yield  a  sufficient  extra  amount  of 
current  which,  instead  of  flowing  through  dynamo  I 
would  flow  along  wire  h  and  through  the  lamps  1 1  to  c. 

In  the  same  way,  if  one  of  the  lamps  1 1  were  discon- 
nected, dynamo  I  would  yield  an  extra  amount  of  current, 
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which  would  flow  from  its  positive  terminal,  through  the 
lamps  I  and  along  wire  6  to  its  negative  terminal.  Thus  it 
will  be  seen  that  wire  b  conducts  either  positive  or  negative 
current,  and  only  as  much  as  the  difference  between  that 
required  for  lamps  I  and  1 1  so  that  very  little  current 
ever  passes  through  it  and  only  a  comparatively  thin  wire 
is  required. 

The  difference  between  the  amount  of  curi'ent  registered 
by  the  ammeters  at  a  and  ajb  o  is  that  which  flows  along 
wire  h. 

Motors  may  be  connected  from  wires  a  to  6,  or  from  b  to 
c,  in  which  case  a  current  of  220  volts  is  supplied  to  them ; 
or  they  may  be  connected,  as  shown  in  the  diagram,  from 
wires  a  to  c,  thus  supplying  them  with  a  current  of 
440  volts. 

It  is,  of  course,  desiiuble  to  keep  the  resistances  on  each 
side  of  the  circuit  as  nearly  equal  as  possible,  in  order  that 
both  generators  may  have  an  equal  amount  of  work  to  do, 
and  that  very  much  current  may  not  pass  along  wire  b,  thus 
necessitating  a  large  sectional  area  of  metal. 
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CHAPTER   XXV. 

DISTRIBUTION    OF  LIGHT. 

Ti[E  methods  of  distributing  artificial  light,  whether  for 
open  spaces  or  for  indoor  illumination,  must  be  very  care- 
fully considered.  In  too  many  instances  a  single  powerful 
electric  light  or  gas  burner  is  placed  in  a  position  from 
whence  its  rays  spread  out  in  such  a  manner  that  the 
illumination  obtained  at  the  most  distant  point  is  considered 
suificient  for  the  purpose  required.  Such  a  system  is,  in 
principle,  most  wasteful,  as  in  order  to  secure  a  sufficient 
degree  of  illumination  of  light  at  a  few  points,  an  enormous 
excess  is  wasted  at  the  majority  of  the  others,  whilst  the 
strain  on  the  eyes  of  the  individual  whenever  the  direct  rays 
from  the  powerful  light  source  impinge  upon  them  is  most 
taxing. 

The  wonderful  accommodating  powder  of  the  diaphragm 
of  the  eye  largely  mitigates  this  evil,  truly  ;  but  an  evil  it 
is,  and  one  which  is  increasing.  There  can  be  no  doubt 
whatever  that  the  work  of  the  professional  oculist  has  been 
not  a  little  enhanced  by  the  ill-considered  systems  of 
artificial  illumination  so  much  in  vogue  during  the  past  two 
or  three  generations.  Now-a-days  many  people  spend  a 
considerable  proportion  of  their  lives,  especially  during  the 
winter  months,  working  by  artificial  light.  Every  time  the 
direct  rays  from  a  light  source  impinge  upon  the  retina,  the 
iris,  or  "  pupil,"  of  the  eye  rapidly  closes  until  the  intensity 
of  the  rays  passing  through  it  is  reduced  to  bearable  limits. 
As  soon  as  the  direct  rays  cease  to  enter  the  eye  the  pupil 
expands  in  order  that  sufficient  light  from  a  less  illumi- 
nated   object    in    view   can    act   upon    the   optic  nerve, 
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otherwise  the  object  viewed  would  be  invisible,  or  nearly  so! 
This  constant  action  of  the  pupil,  or  guardian  angel  of 
the  eye,  as  it  might  be  termed,  combined  with  that  on  the 
optic  nerve,  and  the  crystalline  lens,  becomes  most  fatiguing, 
and  in  time  unquestionably  affects  the  power  of  vision. 

The  dazzling  effect,  as  it  is  commonly  called,  of  intense 
light,  is  perhaps  most  noticeable  in  a  street  or  country  road 
on  a  dark  night,  when  the  ordinary  gas  flame  has  been 
replaced  by  an  incandescent  burner.  As  the  observer 
approaches  the  light  the  illumination  is  clearly  perceptible 
up  to  the  point  at  which  the  lamppost  stands,  but  beyond 
that  all  is  apparently  darkness,  by  reason  of  the  contrast.  If 
the  observer  s  eyes  are  shielded  from  the  direct  rays,  the  illu- 
mination of  the  immediate  background  will  at  once  be  seen  to 
be  fairly  good.  It  was  this  effect,  enormously  intensified, 
which  made  it  necessary  to  enclose  electric  arc  lamps  in 
opal  or  ground  glass  globes.  It  is  not  necessary  to  dwell  on 
the  point  further  at  present,  but  it  is  eminently  desirable 
that  it  should  be  clearly  indicated,  with  a  view  to  ensuring 
its  avoidance  to  the  utmost  extent  possible. 

The  first  object  to  be  kept  in  mind  when  designing  an 
installation  is  that  all  parts  of  the  place  should  be 
as  far  as  possible  equally  illuminated,  without  undue 
shadows  in  any  part.  For  this  reason  powerful  arc  lights 
should  be  reserved  for  large  interiors  and  open  spaces.  For 
small  interiors  incandescent  lights  are  at  the  present 
time  most  suitable.  Many  persons  prefer  the  lights  arranged 
round  the  room  against  the  walls.  It  is,  of  course,  largely 
a  matter  of  taste ;  but,  for  the  reasons  above  referred  to,  it  is 
undoubtedly  bad  for  the  eyesight  for  the  light  source  to 
be  placed  in  a  position  from  which  the  direct  rays  impinge 
upon  the  eyes.  Apart  from  this  by  no  means  unimportant 
consideration,  it  is  very  much  open  to  question  whether 
wall-lights  are  always  so  effective  as  they  are  often  claimed 
to  be. 

For  instance,  take  the  case  of  an  ordinary  sitting-room. 
In  many  instances  pictures  are  hung  upon  the  walls.    What 


400 


Irnlovr  lltumination. 


will  be  the  effect  on  these  when  the  light  is  held  by  a 
bracket  on  the  wall  about  12in.  or  18in.  in  front  or  on  one 
side  of  the  picture?  Again,  if  one  wishes  to  read  comfort- 
ably, the  reader's  back  should  be  turned  towards  the  light. 
If  this  is  on  a  small  bracket  the  reader  would  have  to  sit 
facing.or  near  to, the  middle  of  the  room,a  position  not  always 


desirable.  The  older  method  of  having  the  lights  in  a 
sitting-room  as  near  the  ceiling  as  possible,  and  fairly  dis- 
tributed is  by  far  the  best.  If  sutticient  Hghting  power  by 
this  method  cannot  be  obtained,  then  by  all  means  use  a 
small  single  light-source  aa  close  as  possible  to  the  object  to 
be  illuminated.  But  this  is  not  the  general  illumination 
which  is  the  object  under  couiideration. 
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The  method  of  diffused  top-lighting  is  well  exemplified 
in  the  case  of  many  of  our  public  rooms,  in  which 
incandescent  lights  are  distributed  over  the  ceiling,  with 
the  result  that,  whilst  they  do  not  distress  the  eyesight 
of  the  observer,  a  thoroughly  uniform  illumination  is 
secured  in  all  parts  of  the  room. 

The  system  adopted  in  certain  halls,  such  as  that  arranged 
by  Mr.  Sugg  at  Heading,  in  which  the  lights  are  placed  round 
the  top  of  the  walls  behind  glass  screens  (Fig.  195),  so  that  the 
direct  rays  are  invisible,  is  excellent.  Another  instance  of 
the  same  kind  is  that  at  the  Houses  of  Parliament,  in  which 
the  gas  lights  are  placed  over  glass  screens  in  the  ceiling, 
with  the  result  that  a  perfectly  even  illumination  is 
maintained. 

One  objection  raised  to  these  methods  is  that  the  expense 
is  greater  than  would  be  the  case  if  the  lights  v/ere  visible. 
This  raises  a  point  of  economy  which,  although  desirable 
and  necessary  in  many  instances,  does  not,  and  should  not, 
carry  all  before  it.  Where  the  comfort  and  convenience  of 
large  numbers  of  people  are  concerned  for  many  hours  at  a 
time,  undue  economy  in  regard  to  effective  illumination  will 
often  entail  eventually  such  serious  results  in  respect  to 
eyesight  that  it  often  really  becomes  the  worst  form  of 
extravagance. 

The  first  point,  therefore,  which  must  be  considered  is,  that 
the  lighting  arrangements  must  be  thoroughly  equal  to  the 
requirements  of  the  case.  This  brings  us  to  the  considera- 
tion of  the  most  desirable  working  power  of  light  at  the 
immediate  point  of  observation. 

Many  years  ago  Mr.  Sugg  suggested  that  the  standard  of 
artificial  illumination  should  be  the  degree  of  illumination 
afforded  by  one  standard  candle  placed  at  If t.  distance  from 
the  surface  to  be  illuminated.  Sir  William  Preece  subse- 
quently proposed  at  the  Paris  Electrical  Congress  in  1889, 
the  ''lux,"  by  which  term  he  indicated  the  illumination 
afforded  by  a  Carcel  lamp  acting  at  a  distance  of  one  metre. 
As  the  Carcel  lamp  is  equal  to  9*5  English  standard  candles^ 

CO 
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and  the  metre  is  equal  to  3'2809ft.,  and  the  illumination  is 
inversely  proportionate  to  the  square  of  the  distance,it  follows 
that  the  quantity  of  light  received  upon  a  standard  surface 
in  the  case  of  the  lux  would  be  practically  the  same  as 
that  proposed  by  Mr.  Sugg.  Strictly,  a  candle-foot  is 
0*882  of  a  lux  or  Carcel-metre,  and  a  lux  is  1-133  candle- 
foot.  We  may,  therefore,  adopt  the  "  candle-foot "  degree 
of  intensity  as  a  useful  guide.  For  the  purpose  of  working 
out  the  required  intensity  of  a  series  of  lights  for  illumina- 
ting a  given  area,  Mr.  Sugg  has  formulated  the  following 
definitions  and  the  table  given  on  the  next  page.* 

"  Illuminating  effect  is  the  distance  from  the  surface  to 
be  illuminated,  at  which  the  standard  candle  must  be  placed 
to  give  the  same  amount  of  light  as  that  supplied  by  a  given 
light  at  a  given  distance.  This  may  be  found  by  dividing 
the  distance  of  the  light  by  the  square  root  of  its  intensity 
(see  Table  LV.).  Thus  a  50-candle  light  at  a  distance  of 
15ft.  would  give  an  effect  equal  to  that  of  one  candle  at  a 

distance  of  212ft.,  t.6.,  J^;  =  212. 

'  707 

**  Illuminating  value  is  the  intensity  expressed  in  candles 

of  the  light  which  would  be  required  at  a  foot  distance 

to  produce  the   effect    of   the    given    light  at  its  given 

distance.    This  is  found  by  dividing  the  intensity  by  the 

square  of  the  distance."    Thus  it  may  be  desired  to  ascertain 

the  strength  of  the  light  which  would  be  required  at  a  foot 

distance  from  a  given  object  to  produce  the  effect  of  a  sixteen 

candle  lamp  placed  6ft.  from  that  object.    The  answer  is 

—  =  0*44,  which  is  the  "  candle-foot,"  or  "  illuminating " 

value  of  the  light  obtained  under  the  conditions  given- 

If  it  is  required  to  ascertain  the  candle-power  of  a  lamp 
which  should  be  placed  at  a  given  distance  from  the  object 
to  be  illuminated,  in  order  that  the  degree  of  illumination 
shall  be  equal  to  that  which  would  be  afforded  by  ono 

*  Abstracted  by  permission  from  the  "  Gas  Engineers'  Pookei  Almanac/* 
W'  Bugg  and  Co, 
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candle  at  a  foot  distance,  any  number  in  the  Table  LV. 
may  be  read  as  candle-potver  of  the  lamp  required,  and  its 
square  root  as  the  distant  in  feet  at  which  the  lamp  is  to 
be  pUiced.  Thus,  let  it  be  required  to  illuminate  an  object 
to  the  extent  of  a  "  candle-foot "  by  means  of  a  lamp  which 
must  be  placed  Oft.  distance:  Then  9*  =  81  =  the  illumi- 
nating power  of  the  lamp  required. 

The  origin  of  the  expression  *'  candle-foot "  is  related  by 
Mr.  Sugg  to  be  as  follows*  : — "  The  only  case  in  which  he 


No. 
1 
2 
8 
4 
5 
6 
7 
8 
9 

10 

11 

12 

18 

14 

15 

16 


Table  LV. 

•>ot8  for  the  d 

tilculatioi 

Square  root. 

No. 

1-0000 

17 

1-1442 

18 

1-7820 

19 

2-0000 

20 

2-2800 

25 

2-4492 

80 

2-6457 

85 

2-8284 

40 

8-0000 

45 

8-1628 

50 

8-8166 

100 

8-4641 

200 

8-6055 

800 

8-7416 

400 

8*8780 

500 

4-0000 

Sqoareroot. 


4 

4 

4 

4 

5 

5" 

5< 


-1281 

-2426 

•8589 

•4721 

•0000 

'4772 

•9161 

6-8245 

6-7082 

7-0711 

10-0000 

14-1421 

17-8205 

20-0000 

22-8607 


(Mr.  Sugg)  had  been  able  to  feel  satisfied  with  the  lighting 
requirements  was  that  of  the  Grand  Committee-room  of 
the  House  of  Commons.  A  piece  of  paper  was  given  to 
him  with  some  pencil  marks  upon  it,  and  his  instructions 
were  that  a  sufficient  amount  of  light  should  be  given  to 
enable  a  man  with  ordinary  eyes  to  read  what  was  on  the 
paper.  He  had  only  to  get  half  a  dozen  men  to  read  the 
paper,  and  see  at  what  distance  he  held  it  from  a  standard 

*  Institution  of  Civil  Engineers.    Discussion  on  Mr.  Trotter's  paper, 
yol  ex.,  part  iv. 
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candle.  Then  the  problem  was  solved,  the  light  required 
being  one  candle-foot." 

In  the  opinion  of  Mr.  Trotter  the  candle-foot  is  a  very- 
convenient  and  "  comfortable  "  illumination.  It  is  for  most 
people  the  best  illumination  for  reading,  and  is  to  be 
found  on  most  well-lighted  dining  tables  and  billiard  tables. 
More  than  2  candle-feet  is  seldom  attained  in  artificial 
illumination. 

The  degree  of  illumination  of  certain  public  places  may 
be  gathered  from  the  following  tabulated  results  of  observa- 
tions by  General  Festing,  Mr.  A.  P.  Trotter,  and  others : — 

Table  LVI. 

DAte.  •  Candle-foot. 

1892  ...  PresidenVs  desk,  Inst.  C.E.  ...     0*8* 

South  Kensington  Museum : — 

1888  ...  North-east  Water  Colour  Gallery  (gas)      ...  l'81f 
„    ...  South-east      „  „  „        „         ...  2'd2f 

„     ...  Jones*  Bequest  Gallery  (6  glow  lamps)        ...  1 .  72f 

„     ...  Bapbael  Gallery  (arc)     2'26f 

„     ...  Sheepshanks  Gallery  (arc)     3'12f 

1892  ...  Sculpture  Court  (6  arcs  in  sight) 0*65* 

fi      •••  )t  II       \y        I)        i»        ) u'cJ^ 

..  Silversmiths' Court  (10  arcs  insight) 2*6"' 

..  Japanese  Court  (8  arcs  in  sight) 1'6''' 

„     ...  Great  Hall  (9  arcs  in  sight)    2'4'>^ 

n    •  • .  Gallery  over  Silversmiths'  Court 8*5'^ 

..  Corridor  (glow  lamps)     0*65'^' 

..  Charing  Cross  Railway  Station,  max.  (arc) ...  0*4  to  0*5 


»> 
>i 


If  • 

II  ...        II  „  „  I,      min.  (arc)  ...  0.05'^ 

„  ...  Cannon-street  Station,  max.  (arc)       0.4''* 

,1  ...        „  „  „      min.  (arc)       0*025"^'* 


II 


...  City  of  London,  Cornhill       0*25* 

II      •••  11  I,  ,,  ...      ...      ...      ...   U   X  vO  U  u^ 

„     ...Whitehall 01  to  0*5* 

~    ...  Great  George-street,  Westminster  (5ft.  gas 

lamps)        0*9to0*006* 

-  ...  Lyric  Theatre  (without  arc  or  limelights)  ...  8*8* 

-  ...  Prince  of  Wales' Theatre      2*9* 

-  ...  Trains     on     Metropolitan     and     District 

Railways  (breast  high)    0*8  to  09* 

-  ...  Lime-street,  Liverpool  (gas,  flat  flame)      ...  0'25to0'58§ 

*  Trotter,     f  General  Feetin^.     :;:  Preece.     $  BoqlnoiQ, 
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It  has  been  held  that  outdoor  illumination  commences  to 
be  useful  only  when  it  is  comparable  to  moonlight 

The  following  determinations  of  the  intensity  of  full-moon- 
light are  on  record,  viz.: — 

Tablb  LVII. 

Moonlight 
Aathority.  =  1  candle  at 

feet  distance 

Plummer*        8'72  "^ 


Dibdinf     ... 7*20 

Dibdinf     6-33 

Dibdinf     8*60 

Trotter,!  average    S'OO 


►  Average  =  7.77 


*  "  Monthly  Notice*,"  Roy.  Ast.  Soc.,  vol.  xzxvi. 
t  **  Proceedings,"  Roy.  Sjc,  vul.  li. 
X  Inst.  O.E.,  see  ante. 

Taking  this  average  of  one  candle  at  7' 77ft.  distance, 
moonlight  is  therefore  equal  to  0'017,  or,  say,  one-sixtieth 
of  a  foot-candle. 

It  will  be  understood  that  these  determinations  apply  to 
full  moon,  but  at  diflferent  zenithal  distances.  The  point  in 
all  its  phases  is  a  complex  one,  but  the  above  general  results 
will  be  suflicient  for  our  present  purposes. 

Reflectors  and  Globes, — The  importance  of  reflection  in 
the  distribution  of  light  must  not  be  overlooked,  as  by  its 
judicious  utilisation  greatly  enhanced  results  may  be 
obtained,  whilst  in  some  cases  the  use  of  reflected  light  only 
has  been  found  to  give  the  most  satisfactory  results,  where, 
for  instance,operations  of  a  delicate  nature,such  as  fine  wheel- 
work  and  other  mechanician's  work,  have  to  be  performed. 
Mr.  G.  Kapp  has  described*  the  following  method  of 
utilising  only  reflected  rays  in  the  case  of  a  factory  in 
Berlin,  where  great  difficulty  had  been  experienced  in 
finding  a  suitable  light.  The  ordinary  arc  lamp  would  not 
do  because  it  cast  too  strong  a  shadow,  and,  in  turning 
arbors  and  axles,  and  milling  toothed  wheels,  a  uniformly 
diffused  light  was  required.    Glow  lamps,  which  might  have 

*  Institation  of  Civil  Engineers,  vol.  ex.,  part  iv.,  p.  72. 
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fulfilled  this  condition,  were  too  much  exposed  to  breakages 
from  chips  flying  about  and  the  carelessness  of  workmen.  The 
solution  which  the  manager  of  the  shop  found  was  to  put 
arc  lights  into  big  funnel-shaped  covers,  white-washed 
inside,  and  to  hang  them  up  8ft.  from  the  floor.  The 
ceilings  were  kept  white-washed,  and  the  eflTect  of  the  light- 
ing was  excellent.  The  arc  could  not  be  seen,  being  entirely 
hidden  by  the  funnels,  but  the  room  was  filled  with  a  very 
soft  diflbsed  light.  Another  similar  instance  is  that  quoted 
by  Mr.  G.  F.  Deacon,  who  referred  to  the  public  library  in 
Liverpool,  the  Picton  Reading-room,  as  one  of  the  best 
illuminated  rooms  in  the  kingdom. 

It  is  a  circular  room,  100ft.  in  diameter,  with  a  dome 
ceiling.  For  the  purpose  of  illuminating  the  tables  and 
floors  he  put  in  the  centre  of  the  room  three  arc  lights. 
Under  them  he  put  an  opal  chalice  12ft.  in  dia- 
meter, resting  on  an  ornamental  vase.  He  then  white- 
washed the  dome,  and  the  effect  was  excellent.  The 
absolute  amount  of  light  was  nearly  uniform  over  the  whole 
surface  of  the  tables. 

The  degree  to  which  white  surfaces  reflect  light  is  not 
generally  so  well  understood  as  it  should  be.  According  to 
Mr.  Trotter,  good  paper,  plaster  of  Paris,  and  even  white- 
wash, have  a  reflecting  power  equal  to  that  of  ordinary 
looking  glass,  viz.,  about  85  per  cent. 

The  following  interesting  account  of  the  holophane  globes 
was  given  in  the  Progressive  Age,  December  1st,  1899  : — 

"  The  inner  and  outer  surfaces  of  holophane  globes  are 
covered  with  very  fine  corrugations  or  prisms.  The  cor- 
rugations on  the  inner  surface  run  vertically,  and  the 
prisms  on  the  exterior  surface  run  horizontally.  When  the 
globe  is  placed  over  any  form  of  light,  such  as  the  arc 
lamp,  the  incandescent  electric  lamp,  the  Welsbach  incan- 
descent gas  burners,  an  oil  lamp  or  an  acetylene  flame,  the 
combined  eflfect  of  these  two  sets  of  prisms  is  to  spread  or 
diflfuse  the  light  over  the  entire  surface  of  the  glass,  the 
objectionable  and  injurious  glare  of  the  intense  light-source 
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disappears,  and  in  its  place  the  globe  seems  filled  with 
bright  but  mellow  rays  of  light.  But,  while  the  glare  of 
the  central  light  is  thus  broken  up,  there  is  no  loss  com- 
paratively in  the  illuminating  power  of  the  burner,  and  the 
light  is  directed,  in  addition,  to  where  it  is  most 
needed. 

"Upon  lighting  an  uncovered  Welsbach  burner  and  placing 
a  sheet  of  white  paper  on  the  table  beneath  it,  it  will  be 
seen  that  while  the  burner  has  the  appearance  of  giving  an 
immense  amount  of  light,  yet  the  illumination  is  not  well 
distributed.  If  we  look  about  the  room,  the  walls  and  ceiling 
seem  well  lighted  i  but  on  resting  the  eye  upon  the  sheet  of 
paper  below  the  burner,  one  is  sensible  of  a  defect.  The 
reason  is  that  the  incandescent  burner  directs  most  of  its 
diverging  luminous  rays  out  horizontally,  very  little  light 
being  thrown  downward  where  it  may  be  really  required. 
The  intense  glare  of  the  flame  also  tends  to  contract  the 
pupil  of  the  eye,  and  prevents  it  from  taking  in  all  the 
rays  thrown  upon  any  object.  The  clearness  with  which 
the  eye  sees  any  object  depends  upon  the  number  of  rays 
from  that  object  which  fall  upon  the  optic  nerve.  When 
the  light  is  too  strong  the  pupil  contracts,  the  number 
of  rays  is  diminished,  and  the  object  is  seen  less  distinctly. 
If,  now,  the  eye  is  fixed  upon  the  paper  while  the  burner  is 
covered  with  a  holophane  globe  the  paper  at  once  becomes 
well  illuminated,  and  the  candle-power  of  the  rays  thrown 
downward  is  evidently  greatly  increased.  The  walls  of 
the  room  seem  as  well  lighted  as  before,  but  the  light  on 
the  floors  and  tables  has  been  greatly  improved.  The 
reason  is  that  the  rays  of  light  that  formerly  escaped 
upward  and  merely  illuminated  the  ceiling,  have  been 
reflected  and  refracted  downward  where  thev  are  needed. 
The  amov/ni  of  light  emitted  by  the  burner  is  not  increased, 
of  course,  but  merely  directed  where  required.  It  will  also 
be  observed  that  through  thus  increasing  the  surface  of  the 
light-giving  body,  the  strain  upon  the  eye  is  relieved  and 
the  light  in  the  room  is  agreeably  diffiised. 
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"  Principle  of  Consb'uction. — K  we  take  a  globe  from 
which  the  outer  prisms  have  been  removed,  leaving  only 
the  interior  vertical  corrugations,  which  are  all  alike  in 
section,  and  place  it  upon  the  burner,  it  will  be  seen  that 
the  eflTect  of  the  vertical  interior  corrugations  is  to  spread 
the  light  out  laterally  across  the  globe,  illuminating  it  from 
edge  to  edge,  and  the  flame,  instead  of  being  concentrated, 
becomes  practically  the  size  of  the  globe ;  but  one  will  also 
notice  that  the  rays  are  not  otherwise  affected  by  these 
inner  ribbings,  the  principal  portion  of  the  light  is  still 
thrown  outward.  These  corrugations  only  serve  to  destroy 
the  glare ;  they  diffuse  the  light,  but  do  not  distribute  it 
in  any  way. 

"  If  we  now  take  a  globe  from  which  the  interior  cor- 
rugations have  been  removed,  leaving  only  the  exterior 
horizontal  prisms,  it  will  be  seen  that  the  profiles  of  these 
prisms  vary;  as  a  matter  of  fact,  no  two  are  alike,  and 
each  one  is  specially  calculated  with  reference  to  the 
position  it  occupies  on  the  surface.  It  is  by  means  of  these 
exterior  prisms  that  the  light  is  controlled  and  directed. 
If  we  observe  the  effect  they  have  upon  the  lighted  burner, 
we  see  that  the  flame  appears  to  be  elongated  into  a  narrow 
strip  extending  from  the  bottom  to  the  top  of  the  globe ; 
the  effect  of  the  interior  ribbings  alone  was  to  spread  the 
light  across  the  globe  so  that  two  sets  of  prisms  acting 
together  cause  the  light  to  be  spread  evenly  over  the 
entire  surface,  and  it  is  from  this  feature  that  the  system 
derives  its  name,  as  the  word  "holophane"  (taken  from 
the  Greek)  means  wholly  luminous. 

"  Since  the  introduction  of  high  candle-powera,  lighting 
experts  have  been  studying  to  find  the  best  means 
of  overcoming  objectionable  and  injurious  glare. 
Globes  of  opal  glass,  ground,  frosted  and  figured  glass  have 
been  devised.  Some  of  these,  such  as  the  opal,  do  overcome 
the  glare,  others  reduce  it  partially ;  but  all  of  them  do  so 
only  by  absorbing  a  large  percentage  of  the  original  light. 
In  case  of  opal  glass  this  absorption  or  loss  amounts  to  as 
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much  as  50  per  cent.  AH  such  {^lobes  diffuse  the  light,  but 
none  of  them  make  any  attempt  to  direct  the  rays. 

"  Perfect  diffusion  not  only  does  away  with  all  sharp 
shadows,  but  produces  a  softened  and  evenly  distributed 
light  which  has  marked  hygienic  advant^es,  preventing; 
irritation  of  the  eyes,  and  to  a  large  extent  the  particular 
diseases  of  the  optic  nerves  that  result  from  it. 

"  The  prisms,  it  is  claimed,  also  whiten  the  light  by 
resolving   many  of  the   colour   rays.     This   is  a  distinct 


advantage,  as  the  decorations  of  rooms  and  the  tints  of 
pictures  and  fabrics  are  not  appreciably  changed, 

"  Globes  of  this  character  serve  to  hide  the  mechanism  of 
the  burner,  tending  to  produce  an  ornamental  effect ;  and 
although  they  are  made  of  pressed  glass,  they  somewhat 
resemble  cut  glass  effects." 

Fig.  196,  the  spiral  globe  introduced  by  the  Spiral 
Globe  Company,  consists  of  a  light  -  refracting  and 
diffusing  envelope  for  an  electric  incandescent  or  glow 
lamp,  composed  of  a  closely  wound  spiral  of  glass  rod  ot 
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circular  section  (which  serves  both  to  screen  the  dazzling 
filament  and  increase  the  effective  illuminating  power  of 
the  lamp)  contained  within  an  outer  protective  crystal 
cover. 

It  has  been  demonstrated  that  this  effective  increase  of 
illumination  is  very  large,  for  whereas  an  ordinary  16 
candle-power  electric  incandescent  lamp  (when  hung 
vertically  as  is  usually  the  case)  will  illuminate  the  surface 
towards  which  it  is  directed  with  an  effective  light  of  10 
candle-power  only,  this  self -same  lamp,  when  enclosed  in 
the  spiral  globe  will  produce  an  effective  light  equal  to 
about  23  candle-power  with  the  same  consumption  of  cur- 
rent 
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CHAPTER  XXVI. 

EFFICIENCY    OF   ARC   AND    ELECTRIC   INCANDESCENT  LAMPS. 

The  intensity  of  various  arc  and  incandescent  lamps  was 
formerly  greatly  exaggerated.  For  instance,  in  many  cases 
three  or  four  hundred  candle-power  lamps  were  calculated 
as  being  equal  to  a  thousand  candles.  This  error  was  soon 
corrected  by  the  results  of  the  photometrical  experiments 
made  by  the  writer  under  the  direction  of  the  Metropolitan 
Board  of  Works  in  connection  with  the  Thames  Embank- 
ment experiments  with  the  Jablochkoff  arc  lights. 

The  following  extracts  from  the  report  of  Sir  Joseph 
Bazalgette,  the  engineer,  and  Mr.  T.  W.  Eeates,  the  chemist 
to  the  Board,  form  an  interesting  and  valuable  contribu- 
tion to  the  photometry  of  the  arc  lamp,  as  the  principles 
there  involved  are  still  those  concerned  in  all  similai*  instal- 
lations. 

*  In  consequence  of  the  dazzling  nature  of  the  electric 
light,  and  its  tendency  to  injure  the  sight  of  persons 
exposed  to  its  influence,  it  is  necessary  that  the  naked  light, 
should  be  screened.  Opalescent  glass  globes  have  been 
used  by  the  French  society  both  in  Paris  and  in  London, 
and  these  have  been  in  use  on  the  Embankment,  with  the 
exception  of  one  lamp,  from  first  to  last.  The  effect  of  this 
opalescent  glass  is  to  soften  and  diminish  the  light,  so  that 
it  is  possible  to  look  fixedly  at  the  globe  without  any  dis- 
tress, but  at  the  same  time  the  available  light  is  lowered  to 
a  very  great  extent.    A  difierent  kind  of  globe,  having  a 

*  "  Report  on  Ezperixnent  with  the  Electric  Light  on  the  Victoria 
Embankment."  By  Sir  J.  W.  Bazalgette,  O.B.,  Engineer,  and  T.  W. 
Keatee,  Consulting  Chemist,  Metropolitan  Board  of  Works,  May,  1879. 
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frosted  surface,  has  been  used  for  some  time  under  the 
Himgerford  Railway  Bridge ;  this  globe  stops  much  less  of 
the  light  than  the  opalescent  glass. 

A  number  of  experiments  was  made  at  the  machine 
house  on  the  Embankment,  where  a  complete  photometer 
was  fitted  up.  These  experiments  were  (1)  upon  the  naked 
light,  (2)  upon  a  light  with  opalescent  globe,  (3)  upon  a 
light  with  a  frosted  globe.  The  measurements  were  made 
horizontally  in  each  case. 

In  every  experiment  the  electric  light  was  placed  240in. 
from  the  measuring  light,  and  the  photometer  screen  moved 
between  them,  a  star  disc  being  employed  in  consequence 
of  the  difierence  in  the  colour  of  the  lights,  precluding  the 
the  use  of  the  ordinary  greased  Bunsen  disc. 

Twenty  readings  or  observations  were  made  in  eacli  ex- 
periment, both  with  the  open  and  shaded  lights.  Eight 
experiments  were  made  on  as  many  diflFerent  nights.  The 
following  are  the  results  obtained: — 

Table  LVIII. 

Naked  light    878*1  sperm  candles 

Opalglobe      154*9  sperm  candles 

Frosted  globe 265*0  sperm  candles 

The  light  obstructed  by  the  opal  globe  was,  therefore 
equal  to  59  per  cent.;  by  the  frosted  globe  only  29*9  cent' 
These  results  shew  the  effect  of  enclosing  the  electric  arc" 
by  globes,  and  serve  as  useful  guides  to  indicate  the  loss 
of  light  resulting  in  all  similar  cases. 

When  the  arc  lamp  was  introduced  on  the  Thames 
Embankment  in  1879,  some  experiments  were  made  at  the 
suggestion  of  the  writer  to  ascertain  the  effect  of  enclosing 
the  carbons  in  closed  glass  vessels,  with  a  view  to  reducing 
the  rate  of  their  oxidation.  The  peculiar  action  of  the 
Jablochkoff  "  candle,"  however,  was  not  favourable  to  the 
method,  an  undue  amount  of  deposit  appearing  on  the  sur-* 
face  .of  the  glass,  lai^ely  reducing  the  effective  power  of  the 
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light.  Later  on,  when  the  improved  forms  of  the  Brush 
and  similar  lamps  were  introduced,  further  trials  were 
made  by  the  writer  in  conjunction  with  Mr.  de  Segundo, 
with  most  satisfactory  results,  it  being  found  that  the  life 
of  the  carbons  could  be  prolonged  up  to  as  much  as  ten 
times,  but  at  this  rate  the  chamcter  of  the  arc  was  not  so 
satisfactory,  as  a  carbon  button  formed  on  the  negative 
carbon,  with  a  consequent  dimming  of  the  light.  When  a 
slow  stream  of  air  was  allowed  to  enter  the  small  encircling 
glass  pear-shaped  vessel  surrounding  the  arc,  just  sufficient 
in  quantity  to  oxidise  the  particles  of  finely  divided  carbon 
as  they  were  carried  from  the  positive  to  the  negative  poles, 
the  light  remained  perfectly  steady  and  of  the  original 
intensity.  The  following  are  some  typical  results  of  the 
experiments  thus  made  :— 


Table  LIX. 


Time. 

Length  of  carbon  in 

arc  lamp  No.  1 

without  economising 

globe. 

Inohee. 

1200    

.     ...     2-21     ...     , 

1210    .  . 

.     ...     2*48     ...     , 

12-20    ... 

.     ...     2-61     ...     . 

12-25    ... 

.     ...     2-75     ...     . 

12-86    .. 

2-81     ...     . 

12-40    .. 

800    ...     . 

12-60    .. 

819     ...     , 

1-00    .. 

8-40     ... 

1-46    .. 

4-21     ... 

216    .. 

4-71     ... 

2-26    .. 

4-88     ... 

2-68    .. 

6-81     ... 

8-28    .. 

6-81     ... 

Length  of  carbon  in 

arc  lamp  No.  2 

with  economising 

globe. 

Inches. 

1-18 

1-28 

1-32 

1-40 

1*42 
.1-60 

1*64 

1*62 

1*98 

2-26 

2*26 

2*42 

2-60 


Eelative  Consumption, 

Without  apparatus,  12'00o*clook  to  8*28      ...    8*6in. 
With  apparatus,  „  ...    l*42in. 

Saving  i»-^  -  l;^^)  ^00  ^  50  per  cent. 
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Table  LX. 


Time. 


12-40  .. 

12-50  ... 

1-40  .. 

1-60  .. 

210  ... 

2-85  ... 

2-40  ... 

2-50  ... 

800  ... 

8-15  ... 

8-25  ... 

8-85  ... 

Length  of  carbon  in 

are  lamp  No.  1 

without  eooDomiang 

globe. 

Inches. 

...     X  *  oU     ... 
1  -Q? 

...       .a  *  Dx       •  •  •        . 

...         mi    OU         ...         . 

8*14 
...     o  *  oU     ...     . 

...       O    Ov       ...        . 

...     8'  (6     ...     . 
.  •  •     o  «/X     ...      . 

4*18 
...    4-30    ...     . 

4'48 


Length  of  carbon  in 

arc  lamp  No.  2 

with  economising 

globe. 

Inches. 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


•97 
•08 
•80 
•86 
•47 
•60 
•62 
•68 
•75 
•82 
•90 
•98 


Eelati/ve  ConnimpHon. 


Without  apparatus      2^98in. 

With  apparatus 0*96in. 

Saving  (l:»8^«U00  -  67-2 percent. 
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Time. 


8 
8 
4 
4 
4 
4 
4 
4 
5 
5 
6 
6 
6 


Length  of  carbon  in 

arc  lamp  No.  1 

without  economising 

(Clobe. 


•40  ...  . 

21   

•50  ...  . 

2-2   

•00  ...  . 

2-4   

•10  ...  . 

2^68  

1  • 

•20  ...  . 

2-60  

•80  ...  . 

2-85  

•40  ...  . 

800  

*50  ...  . 

8-18  

•00  ...  . 

829  

•10  ...  . 

8^40  

•20  ...  . 

8-59  

•80  ...  . 

8-75  

•40  ...  . 

8-90  

.   «..   «••  X 

Length  of  carbon  in 

arc  lamp  No.  2 

with  economising 

globe. 

Inches, 
86 
•90 
•99 
•04 
•18 
•21 
•80 
•40 
•60 
•60 
•70 
•78 
•86 
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Relative  Consumption, 

Without  apparatus     l*8in. 

With  apparatus I'Oin. 


t^iM 

V    ftftJ 

1-8 

B      ^ 

V  j^va 

\J 

%^A«W* 

Table  LXII. 

Time. 

Length  of  carbon  in 

arc  lamp  No.  1 

without  eoonomising 

globe. 

Inches. 

Length  of  carbon  in 

arc  lamp  No.  2 

with  economising 

globe. 

Inches. 

11-50 

•  •  « 

4.32     

200 

1200 

•  •  f 

4-60     ... 

2-06 

12-10 

•  •  1 

4-69     .., 

212 

12*20 

•  •  1 

4-85     ... 

2-13 

12-80 

•  •  1 

6-00    ... 

2-19 

12-40 

•  ■  4 

6-16     ... 

2-20 

12-50 

•  ■  1 

6-30    .. 

2-26 

100 

•  • 

5-49    .. 

2-29 

1-10 

•  • 

6-64    .. 

2-31 

Belative  Conev/nvption, 

Without  apparatus   l*22in. 

With  apparatus        •    0-31in. 


Saying  (1-22  -0-81)  100  .  74.6  per  cent. 

1  a2 


Just  as  these  results  had  been  arrived  at  by  a  course  of 
laborious  photometrieal  and  electrical  testings,  it  was  ascer- 
tained that  patents  had  been  seciured  in  England  and 
America  for  precisely  the  same  method.  The  system  is 
now  in  use  in  the  form  of  the  Jandus  lamp,  the  special 
features  claimed  for  it  being  that  one  pair  of  carbons  con- 
suming 4  amperes  will  last  for  about  200  hours  without 
any  attention  whatever;  with  5  amperes  for  130  to  150 
hours,  and  with  6  amperes  from  100  to  120. 

From  tests  made  by  Mr.  Thomas  Hesketh,  and  published 
in  the  Electrician  on  April  9th,  1897,  the  foUovdng  results 
were  obtained : — 

"  From  comparative  photometric  tests  recently  taken  by 


416 


Enclosed  Arc  Lamp, 


the  writer,  the  distribution  of  light  from  a  10-ampfere  direct- 
cuiTcnt  lamp,  burning  18  mm.  and  12  mm.  carbons,  with  46 
volts  across  the  arc,  and  fitted  with  an  opaline  globe,  is 
plotted  out  in  Fig.  197. 

"  Similar  tests  were  taken  of  the  emission  of  light  from 
a  '  Jandus '  enclosed  arc  lamp,  burning  5*5  amperes 
with  78  volts  at  the  carbons;  the  results  are  shown  in 
Fig.  198. 

"  Fitted  as  this  was  with  the  inner  and  outer  globe  of 
opalescent  glass,  the  spreading  of  the  rays  was  less  than 


CANOLC-POWCn 

MO 

«._i • I L. 


Fig.  107.— Curve  of  Light  from  Ordinary  Open-air  Arc  fitted  with 

Opailne  Qlobe. 

might  have  been  expected.  The  intensity  of  the  horizontal 
flux  is  partly  to  be  accounted  for  by  the  egg-shaped  curve 
of  the  inner  globe,  acting  as  a  reflector,  and  throwing  up 
some  of  the  lower  hemispherical  beams.  Principally,  the 
great  advantage  is  derived  from  the  extreme  length  of  arc, 
the  flatnass  of  the  carbon  points,  and  the  almost  entire 
absence  of  hollow  crater  in  the  positive  carbon. 

''  The  effect  the  improved  distribution  of  light  from  these 
lamps  will  have  upon  public  street  lighting  will  be  more 
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readily  appreciated  from  a  glance  at  Fig.  199,  where  the 
relative  illuminating  powers  of  the  two  lamps  are  shown 
aide  by  aide. 
"  It  will  be  seen  from  these  that,  although  at  close  ranges, 


Fig   IS8.— Curv*  0 


the  light  from  the  open  arc  is  some  four  times  as  great  as 
that  from  the  enclosed,  at  distances  beyond  two  and  a-half 
times  the  height  of  the  arc  lamp-post,  the  '  Jandus '  gives 


Scale  of  l«t.    (Haight  ol  put  -  soft.) 

RX.   199.— Curva*  ihowlns  th«  Rslativ*  lllumlnatln|  F>ow<n  of  "Jandul"  and 

Ordinary  Opan-air  Arc  Lamp*  taking  equal  Elvctrical   Enarmi. 

more  than  twice  the  light  of  the  older  form  of  lamp,  and 
regularly  m^ntains  the  advantage. 

"This  natural  e&ect  cannot  be  too  highly  appreciated. 
Engineers  having  control  of  the  public  lamps  should  care- 
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fully  guard  against  a  false  impression  being  created  by  the 
light  intensities  immediately  about  the  base  of  the  lamp- 
post. Excessive  light  here  is  not  required ;  but  at  places 
25ft.  and  SOft.  away,  double  the  illumination  of  that  which 
was  previously  to  be  obtained  is  of  the  greatest  importance. 

''From  the  foregoing  considerations  it  is  reasonable  to 
expect  the  arc  lamp  of  the  future  will  be  of  air-tight 
pattern,  and  will  have  sacrificed  a  portion  of  its  carbon  dia- 
meters— and  consequently  its  hours  of  burning — ^for  the 
increased  light  resulting." 

The  necessity  for  carefully  testing  the  illumination 
afforded  by  any  proposed  light  is  well  shown  in  the  Thames 
Embankment  experiments  above  referred  to,  and  estimates 
for  installations  should  not  be  prepared  before  the 
actual  illuminating  value  of  the  proposed  lights  is  fully 
ascertained. 

With  regard  to  the  quantity  of  light  afforded  by  the  in- 
candescent electric  lamps,  and  the  effect  of  use  upon  them, 
the  following  series  of  tests  by  the  writer  in  November, 
1892,  will  be  of  interest : — 

Each  lamp  was  tested  in  three  directions,  viz.: — horizon- 
tally in  two  directions,  i.e.,  one  with  the  plane  of  the 
curvature  of  the  filaments  placed  at  right  angles  to  the 
photometer  bar,  and  the  other  with  the  plane  of  curvature 
in  a  line  with  the  photometer  bar,  or,  shortly,  with  the 
incandescent  filaments  " flat "  and  "edge"  to  photometer; 
also  perpendicularly  in  one  direction,  i.e.,  measuring  those 
rays  thrown  down  when  the  lamp  is  inverted,  and  in  the 
direction  of  the  apex  of  the  lamp. 

In  estimating  the  actual  intensity  of  the  lamps,  the  mean 
of  the  two  horizontal  measurements  has  been  adopted. 

The  average  luminous  energy  per  reputed  16  candle- 
power  lamp  was  thus  found  to  be  13  •  01  candles,  while  that 
of  the  reputed  8  candle-power  lamp  was  7  *  30  candles.  The 
average  voltage  for  16-candle  lamps  was  98*02,  and  amperes 
'  599,  the  watts  per  16-candle  lamp  being  58  -8  ;  while  the 
current  required   for  8-candle   lamps  was   volts,  99*58; 
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anipJjres,  0-424;  equal  to  42-3  watts.  The  number  of 
watts  per  actual  candle  respectively  was  4  •  52  and  5  •  79. 
The  average  percentage  deficiency  per  10  candle-power 
lamp  was  25  •  86,  and  that  of  the  8  candle-power  lamp  8  •  4. 

A  large  number  of  measurements  at  various  intermediate 
angles  w^ould  have  doubtless  ensured  greater  accuracy,  but 
for  practical  purposes  those  now  submitted  may  be  taken  as 
sufficiently  approximate.  In  order  that  the  extent  of  error 
thus  introduced  might  be  ascertained,  a  special  set  of  tests 
with  one  lamp  was  made  in  which  the  lamp  was  tested  at 
every  10". 

The  effect  of  a  decrease  in  the  intensity  of  the  current 
was  also  carefully  examined,  and  the  results  were  tabulated. 

From  these  it  appears  that  when  the  voltage  of  the  current 
falls  from  99  to  96,  the  loss  in  candle-power  is  from  15  •  0  to 
10  "9,  or  27  •  3  per  cent.;  whilst  when  it  falls  from  96  to  90, 
the  loss  of  candle-power  is  from  10 '  9  to  7  *  5,  or  exactly 
50  per  cent,  from  its  initial  value. 

The  extent  to  which  the  light  of  the  incandescent  lamps 
is  diminished  by  continued  use  is  of  importance.  A  series 
of  experiments  carried  out  to  ascertain  this  loss  showed  that 
a  lamp  having  an  initial  intensity  of  14*8  candles,  and 
maintained  at  a  practically  constant  current  of  100  volts 
and  0  •  5  ampere,  fell  in  100  hours  to  14  •  0  candles,  in  250 
houi-s  to  11  •  5  candles,  and  in  500  hours  to  10*5  candles, 
remaining  fairly  constant  at  that  Intensity  for  another  250 
hours.  From  these  results  it  is  evidently  desirable  to  cause 
a  lamp  to  be  subjected  to  the  electric  current  at  which  it  is 
intended  to  be  worked  for  some  little  time  before  it  is 
measured,  as  if  the  initial  intensity  is  accepted  as  the 
average  intensity,  the  lamp  will  be  credited  with  too  high  a 
value. 

The  practical  outcome  of  these  testings  is : — (1)  That  the 

public  should  be  protected  against  any  diminution  of  the 

strength   of  the  current  by  systematic  testings,  and  the 

companies  subjected  to  penalties  in  the  event  qf  default. 

(2)  That  all  lamps  should  be  tested  for  their  illuminating 

PD  2 
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power  when  submitted  to  their  prescribed  current.  (3) 
That  16  candle-power  lamps  are  more  economical  in  relation 
to  light  and  current  than  8  candle-power  lamps. 

The  efficiency  of  the  incandescent  and  arc  lamps  has  also 
been  carefully  studied  by  Professor  L.  Nichols,  of  the  Cornell 
University,  under  whose  directions  Mr.  Merritt  and  Mr. 
Hatsun^  Nakano  carried  out  a  series  of  most  interesting 
and  valuable  experiments.* 

After  a  preliminary  series  of  tents  of  incandescent  lamps 
by  means  of  a  calorimeter,  Mr.  Merritt  carried  out  a  series 
of  determinations  with  the  thermopile.  The  results  for  the 
four  lamps  are  as  follows  : — W  is  the  total  enei^y  expended, 
measured  in  watts ;  L  is  the  enei^  of  the  light,  also 
measured  in  watts  ;  and  C.P.  is  the  candle-power. 

Table  LXIII. 


Lamp  B, — An  Edison  16  Candle-power  Lamp.    Besiatance  = 

249  Ohma. 


E.M.P. 


W. 


C.P. 


63  0 

...     25-4 

...    0 

74-6     . 

...    87-8 

...     1 

85-4 

...     62-5 

...     2 

990 

...    72-2 

...     6 

neo  . 

...  1020 

...  15 

L. 


•8 

0- 

•0 

0- 

•5 

1- 

•3 

4- 

■2 

7- 

T^ 


k«« 

w. 

t;.!*. 

42 

•016 

...     1-61 

77 

•021 

...    0-79 

96 

•087 

...    0-78 

80 

•069 

...    0-68 

88 

•072 

...     0-49 

Ltimp  C. — Weston  16  Candle-power,    Cold  Resistance  =  402  Ohms. 


E.M.F. 

W. 

C.P. 

L. 

W. 

L. 
C.P. 

720 

... 

21-6 

...    0-4    . 

..     0-46     .. 

•021 

...     127 

87-4 

... 

38-6 

...      X  *  D      . 

..     110     .. 

.     -088 

...    0-76 

102-0 

... 

47^8 

4*4 

..     209     .. 

•044 

...    048 

1170 

... 

66- 1 

...  10-7     . 

..    819    ...     '048 

...    0*80 

*  These  researches  were  published  in  America,  those  by  Mr.  Merritt  in 
a  contribution  to  the  American  Association  for  the  Advancement  of  Science, 
Cleveland,  August,  1888,  and  those  by  Mr.  Hatsun^  Nakano  in  a  paper 
published  in  the  *'  Transactions  "  of  the  American  Institute  of  ^^ctriciil 
^n^neers,  Vol.  vi.,  1889. 
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Table  LXIII.  (continued). 

Lamp  D. — Weston  16  Candle-power ^  70  Volt,    liesutance  = 

152  Ohms, 

E.M.F.  W.  C.P.  L. 


W,  C.P. 


430  ...  25-8  ...  0-5  ...  0-63  ...  021  ...  106 

60-7  ...  360  ...  1-6  ...  0-97  ...  027  ...  0*62 

60-5  ...  520  ...  5-2  ...  203  ...  039  ...  039 

675  ...  66-5  ...  110  ...  3*96  ...  060  ...  0*36 

Lamp  E, — Bernstein  S  Candle-power,    Besistance  =^  11' S  Ohins, 
E.M.F.  W.  C.P.  L.  ^'  ^'' 


W.  u 

12-2     ...     26-2     ...     0-2     ...     0-20     ...  0008     ...     1 


.P. 

00 
84 
57 
16-4     ...     53-2     ...     4-1     ...     2-03     ...     -088     ...     050 


13-4     ...     30-8     ...     0-5     ...     0-41     ...       013     ...     0 
150     ...     40-4     ...     1-3     ...     0-75     ...     -018     ...     0 


None  of  the  lamps  tested  were  of  the  most  recent  styles,  all  being 
made  previous  to  1886.  All  the  lamps  also  had  been  used  a  greater 
or  less  time  before  the  tests  were  made.  Lamps  B  and  E  especially 
had  seen  a  great  deal  of  use,  and  had  their  glass  globes  slightly 
blackened. 

From  these  results  it  will  be  seen  that  the  energy  per  candle-power 
▼aries  from  1*5  watts  at  0*5  candle-power  to  about  0*3  watts  at  16 
candle-power.  In  every  case  the  intensity  of  the  light,  as  measured 
by  its  candle-power,  increases  more  rapidly  than  the  energry  of  the 
light.  In  this  connection  it  is  interesting  to  compare  the  value  of  the 
mechanical  equivalent  of  a  candle-power  of  lamplight,  found  by  Dr.  J. 
Thomson  some  twenty  years  ago.*  His  method  was  similar  to  that 
used  in  these  experiments.  A  cell  of  distilled  water  was  used  instead 
of  an  alum  solution,  and  no  correction  was  made  for  the  dark  heat 
passing  through.  To  get  absolute  measurements  of  energy  he 
standardised  his  thermopile  by  means  of  Leslie  tubes.  He  found  the 
energy  of  one  candle-power  of  light  from  an  oil  lamp  to  be  2*5 
watts,  and  for  a  gas  flame  and  a  standard  candle  the  value  was  very 
nearly  the  same.  This  is  considerably  larger  than  the  greatest  value 
now  found.  A  part  of  the  difiference  might  be  accounted  for  by  the 
correction  for  dark  heat  passing  through  the  water,  which  Dr. 
Thomson  neglected,  and  the  standards  of  light  used  in  the  two  cases 
may  have  been  different.  It  is  hard  to  believe  that  the  temperature 
of  the  incandescent  matter  in  an  oil  flame  is  less  than  that  of  a  lamp 

*  Julius  Thomson.  "DasMechanische  AequivalentdesLichtes."  Pogg. 
Ann.  czzv.,  p.  848« 


422  Efficiency  of  Electric  Lamps. 

filament  at  0*5  candle-power.  Becent  spectro -photometric  determi- 
nations by  Dr.  E.  L.  Nichols  and  Mr.  \V.  S.  Franklin"^  show  that  the 
light  from  a  gas  flame  is  of  almost  exactly  the  same  quality  as  that 
from  an  incandescent  lamp  at  16  candle-power.  This  would  seem  to 
indicate  that  the  incandescent  matter  in  a  gas  flame  is  at  about 
the  same  temperature  as  the  lamp  filament. 


*  Pro.  A«A.A.&.  Cleveland  meet        l68d< 
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CHAPTER  XXVII. 

COMPARISON  OF  COST  AND  HEATING  EFFECT  OF  LIGHTING  BY 

GAS  AND   ELECTRICITY. 

The  cost  of  li^^ht  obtained  by  the  consumption  of  gas  in 
suitable  burners  is  ascertained  by  the  consideration  of  the 
following  three  principal  factors: — First,  the  quantity  of 
gas  consumed  in  terras  of  cubic  feet  per  hour;  second, 
the  illuminative  value  thereby  produced,  commonly  spoken 
of  as  the  "  illuminating  power ;"  and  third,  the  cost  of  the 
gas  per  1000  cubic  feet. 

There  are  various  other  considerations  to  be  taken  into 
account,  such  as  cost  of  fittings,  globes,  mantles  (when 
used),  &c,  which  must  not  be  overlooked  when  making 
exact  comparisons. 

In  the  case  of  light  produced  by  the  agency  of  the 
electric  current,  the  equivalent  factors  are : — First,  current 
stated  in  terms  of  watts ;  second,  illuminating  power ;  and 
third,  the  cost  of  current. 

For  the  purpose  of  fixing  the  commercial  value  of  the 
current,  the  "  Board  of  Trade  unit "  is  adopted.  This  unit 
is  the  equivalent  of  1  kilowatt  =  1000  watts,  acting 
during  one  hour. 

The  watt  is  the  product  of  the  qtuintUy  of  the  current, 
expressed  in  "amperes,"  and  its  intensity  expressed  in 
"volts."  Thus  100  volts  x  10  ampferes  equal  1  kilowatt, 
which,  acting  during  otiehour,  equals  one  Board  of  Trade 
unit. 

In  the  words  of  the  Fourth  Schedule  of  the  Board's  form 
of  Provisional  Order  under  the  Electric  Lighting  Acts, 
1882  and  1888,  it  is  stated  in  regard  to  maximum  prices, 
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that  **in  this  schedule  the  expression  unit  shall  mean  the 
energy  contained  in  a  current  of  1000  ampferes  flowing 
under  an  electromotive  force  of  one  volt  during  one  hour." 

If  a  light  having  an  intensity  equal  to  that  of  sixteen 
standard  candles  is  obtained  by  means  of  coal  gas,  burning 
in  an  Argand  burner  at  the  rate  of  5  cubic  feet  of  gas  per 
hour,  it  is  evident  that  in  order  to  obtain  1000  candles  of 
light  by  such  means  we  must  consume  5  x  1000  -^  10  = 
312  cubic  feet  of  gas.  If  the  gas  costs  3s  per  1000  cubic 
feet,  then  the  cost  of  the  gas  actually  consumed  =  36d.  x 
312  -T-  1000  =  ll-232d. 

To  obtain  the  same  degree  of  illumination,  viz.,  sixteen 
candles,  by  means  of  an  electric  current  acting  in  an 
incandescent  lamp,  we  shall  probably  use  up  current  at  the 
rate  of,  saj',  GO  watts  per  hour,  which,  on  the  basis  of  6d. 
per  Board  of  Trade  unit,  will  be  60  x  ICOO  -r-  16  =  3750 
watts  =  3*7 o  Board  of  Trade  units  =  Is.  lOJd.,  fe.,  six- 
teen candles  by  the  electric  current  costs  Is.  lOJd.  against 
Os.  11  id.  by  gas. 

From  this  it  will  at  once  be  seen  how  important  it  is  that 
before  a  definite  comparison  can  be  worked  out,  all  the 
data  must  be  clearly  ascertained. 

It  is  useless  to  assume  the  actual  intensity  of  one  light 
or  the  other.  They  must  be  accurately  measured,  other- 
wise the  comparison  will  be  as  valueless  as  it  would  be  if 
the  price  of  the  gas  or  that  of  the  electric  current  were 
guessed  at. 

When  a  compaiison  is  made  with  the  Welsbach  incan- 
descent gas  lights  the  results  are  very  different.  For 
instance,  if  a  new  Welsbach  mantle  affords  light  equal  to 
sixty  candles  when  consuming  gas  at  the  rate  of  3*5  cubic 
feet  per  hour,  the  cost  of  the  gas  being,  as  before,  3s.  per 
1000  cubic  feet,  then  for  1000  candles  of  light  during  one 
hour  the  cost  will  be  3*5  x  1000  -5-  60,  =  58  cubic  feet, 
and  36d.  x  58  -^  1000,  =  2088d.  instead  of  ll-232d. 
for  gas  consumed  in  an  Argand  burner,  as  shown  above. 

In  like  manner,  the  cost  of  light  obtained  from  any  form 
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of  gas  burner  can  be  compared  with  that  from  any 
electrical  system.  But  it  must  be  remembered  that  in  such 
calculations  the  quality  of  the  pas  used,  stated  in  "  candle- 
power/'  should  be  given  as  well  as  its  price,  for  quality 
varies  greatly,  as  already  stated. 

It  is  obvious  that  a  high  quality  of  gas  at  a  low  price 
will  show  a  more  favourable  result  to  gaseous  lighting  than 
would  a  low  quality  of  gas  at  a  high,  or  comparatively 
.  high,  price  per  1000  cubic  feet. 

Without  this  qualification  comparisons  of  relative  cost  at 
different  localities  would  be  misleadincr.  To  take  extremes, 
Is.  9d.  per  1000  cubic  feet  for  15*5  candle  gas  in  a  coal- 
producing  district  would  show  a  very  different  ratio  to 
electric  lighting  than  would  gas  of  14*0  candle-power  in  an 
agricultural  district,  at  4s.  6d.  per  1000  cubic  feet ;  to  say 
nothing  of  such  prices  as  those  which  commonly  prevail  on 
the  Continent  and  in  America. 

Table  LXIV.  will  probably  be  of  assistance  in 
making  comparisons  of  the  cost  of  equal  quantities  of  light 
by  different  methods,  apart  from  questions  of  maintenance, 
repairs,  &c. : — 

Table  LXIV. 

Coat  of  producing  1000  CANDLES  of  Light  during  One  Hour, 

Bt  Electricity,  at  4d.  per  Board  of  Trade  unit  :— 

Fence. 

Arclamp,  450 candle-power,  250  watts        2*2' 

Arc  lamp,  with  frosted  globe,  250  candle-power,  250  watts  4*0 

Arc  lamp,  with  opal  globe,  150  candle-power,  250  watts  ...  6*7 

Incandescent  lamp,  16  *  0  candle-power,  50  watts       12*5 

Nemst  lamp,  65*0  candle-power,  100  watts 6*2 

Coal  Gas,  16 '0  candle-power,  at  88.  per  1000  cubic  feet : — 

Flat- flame  burners,  18  candle-power,  5ft.  per  hour    18*8 

Argand  burners,  16  candle-power,  5ft.  per  hour 11'2 

Welsbach  mantle  (say)  60  candle-power,  8* 5ft.  per  hour  ...  2*1 

"Intensified"  mantle,  800  candle-power,  10* Oft.  per  hour  1*2 

Petrolbum  : — 

Kitson's  incandescent  oil  lamp,  1000  candle-power   0*8 

Flat-flame  lamp,  9*5  candle-power  at  617  gs«  per  hour, 

V    O  lO.,  ftv  XQ.  ...       ...       »••       «..       ...       ...       ...       ...       ill.       ...         V   0 
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•••  cia  •■•  •■•  «•• 


Sperm  : — 

Candles,  17  lb.,  at  Is.  6d.  per  lb. 

Oil,  Eeates'  lamp  (16  candles),  8-2 lb.  at  4^.  per  lb. 

Colza : — 

Oil,  carcellamp  (9*5  candles),  9'7  lb.,  at  S^d.  per  lb. 
Oil,  in  hand-lamp  =  1*6  candles,  192  gms.  per  hour 


Fence. 

258.  6d. 
..    37-0 

..     840 
..     69-5 


•  •  •     .  •  • 


•  •         a  >  « 


•  ■  •  •  • 


On  the  other  hand,  if  the  comparison  is  to  be  made  on 
the  basis  of  any  one  light  source  with  another,  apart  from 
the  question  of  relative  intensity,  then  Table  LXV. 
may  be  referred  to : — 

Table  LXV. 

Co%t  of  EACH  LIGHT,  per  Hour. 

Electricity,  at  4d.  per  B.T.  unit  :— 

Pence. 

1-00 

100 

1-00 

0*20 

0-40 

0-18 
018 
0-13 

0^36 

0-80 
009 

0-81 


Arc  lamp,  450  candle-power    ... 

Arc  lamp,  frosted  globe,  250  candle-power 

Arc  lamp,  opal,  150  candle-power 

Incandescent  lamp,  16  candle-power     ... 
Nernst  lamp,  65  candle-power       

Coal  Gas,  16-0  candle-power,  at  8s.  per  1000  cubic  feet:— 

Flat-flame  burners,  18  candle-power,  5ft.  per  hour    

Argand  burners,  16  candle-power,  5ft.  per  hour 

Welsbach  incandescent,  60  candle-power,  3  *  5ft.  per  hour 
"  Intensified  "  incandescent,  800  candle-power,  10 'Oft.  per 
hour 


•••     ••■     ••.     ■■• 


••*     ■•■     «••     •••     ...     .■. 


...  .1.  .tc 


•  ••  • •  . 


...  ••*  .«. 


Petbolbum  :— 

Kitson's  incandescent  oil  lamp,  1000  candle-power    ... 
Flat-flame  lamp,  9  *  5  candle-power 

Spebm  Canblbs,  1*0  candle-power 

Spebm  Oil: — 
Moderator  lamp,  16*0  candle-power 

Colza  Oil  : — 

Caroel  lamp,  9*5  candle-power 
Hand  lamp,  1*6  candle-power... 


•  • .     • . . 


.••     ...     .••     •*.     ... 


•  ••  ..•  .•! 


•  •  .  ... 


•  •>  *•<  .'•  ..I 


.  •   •  «  .  » 


0-60 

0*82 
0-10 


The  Heat  Produced  by  Different  Lights. — In  the  issue  of 
the  Journal  of  Gas  Lighting  for  September  8th,  1896  (page 
4l7),reference  was  made  to  some  experiments  which  had  been 


Seat  Produced. 


427 


carried  out  by  Herr  Peukert,  of  Hanover,  with  the  view  of 
ascertaining  the  quantity  of  heat  emitted  by  electric  lamps 
in  the  space  of  one  hour.  The  following  results  of  his 
investigations  (which,  as  will  be  seen,  embraced  other  light- 
giving  materials)  have  been  published  in  the  Zeitschrift 
fur  Electrotechnik : — 


Table  LXVI. 

Units  of  heat. 

Inoandeficent  lamps — 

Siemens  and  Halske 

427 

855 

1^  TV  vbU      »•■         ■••         •■•         •••         •••         •■•         ••• 

430 

Bernstein 

153 

Gas- 

Siemens' Regenerative  burner 

1,500 

Argand       

4,860 

Two-hole  burner      

12,150 

Petroleum — 

Round  burner    

3,360 

Small  flat  burner      

7,200 

Solar  oil- 

Schuster's  and  Bauer's  lamps 

3,360 

Small  flat  burner      

7,200 

Rape  oil — 

Garcel  lamp       

4,200 

Reading  lamp    

6,800 

Candles — 

9,200 

Spermaceti 

7,960 

V f  oJL       •••        «••        •••        •••        •••        •••        ••• 

7,960 

Stearine      

8,940 

^ aiio^r  ••*     ■••      ••■     •••      •••     •••     ••• 

9,700 

With  regard  to  the  value  of  the  Bernstein  lamp,  M, 
Peukert  thinks  that  it  is  possibly  too  low,  owing  to  the  fact 
that  in  the  measurements,  losses  of  heat  were  not  absolutely 
guarded  against.  The  construction  of  the  lamp  was  such 
that  it  could  not  be  entirely  immersed  in  the  water  employed 
to  determine  the  heat  given  out. 


(    ^28    ) 


CHAPTER   XXVIIL 

PRACTICAL    EXAMPLES    OF    ELECTRIC    LIGHTING    ON    DIRECT 
AND  ALTERNATING-CURRENT  SYSTEMS, 

As  indicating  the  advance  which  has  been  made  in 
lighting  by  means  of  electricity,  and  the  present  position  of 
that  sj'stem,  the  following  particulars  of  typical  installa- 
tions have  been  kindly  supplied  by  the  various  authorities 
mentioned : — 

I. — Stocktox-on-Tees. 

The  three-wire  continuous-current  system  has  been  very 
successfully  adopted  at  Stockton-on-Tees.  The  contractors 
for  the  whole  ci  the  installation  in  this  station  were  the 
Brush  Electrical  Engineering  Company,  Limited.  The 
standard  pressure  of  supply  to  consumers  is  230  volts,  with 
460  volts  between  the  outer  conductors.  The  boiler-house 
contains  three  Galloway  boilers,  28ft.  long  by  7ft.  Cin.  wide; 
a  Green's  economiser,  the  scraper  gear  of  which  is  driven  by 
an  electric  motor  through  worm  gearing;  and  two  feed 
pumps,  with  a  duplicate  range  of  feed  pipes  for  supplying 
the  boilers  with  water  from  a  tank  placed  overhead. 

The  generating  machinery  consists  of  three  Universal 
engines  coupled  to  continuous-current  generators  of  the 
Brush  Company's  standard  pattern.  One  of  the  engines  is 
coupled  to  two  25-kilowatt  two-pole  generators  arranged  to 
supply  either  side  of  the  three-wire  system  with  a  variation 
in  pressure  of  from  230  to  260  volts.  It  is  largely  used  to 
balance  the  two  sides  of  the  three-wire  system  as  well  as  to 
charge  the  cells.  The  other  two  engines  are  each  coupled  to 
1 50-kilowatt  six-pole  generators  supplying  at  460-520  volts 
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on  to  the  outer  conductor  of  the  three-wire  system,  and  are 
of  the  usual  pattern  made  by  the  Brush  Company  for  light 

and  traction  purposes. 

There  is  a  double  balancer  fixed  close  to  the  switch- 
board, which  can  be  used  either  to  balance  the  three-wire 
system  or  as  a  booster  for  assisting  in  charging  the  cells,  or 
both  together.  The  switchboard  contains  the  usual  panels, 
cell  regulators,  and  feeder  cables. 

The  dynamos  are  protected  by  automatic  switches  and 
the  feeders  by  fuses,  which  prevent  damage  being  done  by 
excessive  current.  There  are  three  miles  of  distribution, 
and  one  and  a-quarter  miles  of  feeder  cables. 

II. — Watford. 

As  an  example  of  the  equipment  of  an  electricity  supply 
station  on  the  high-tension  alternate-current  system,  we 
give  the  following  brief  description  of  the  Watford  station: — 
The  contract  for  the  whole  of  this  plant,  except  the  switch- 
board and  cables,  was  assigned  to  the  Brush  Company,  who 
also  supplied  and  fixed  the  transformers  and  street  boxes. 

There  are  tw^o  boilers  of  the  Babcock  and  Wilcox  type, 
each  capable  of  evaporating  60001b.  of  water  per  hour. 
The  feed-water  is  supplied  from  a  well  and  pumped  into  a 
large  feed  tank,  that  can  also  be  filled  from  the  town 
mains.  The  lift  pump,  as  well  as  the  feed  pumps,  is  of  the 
Smith-Yaile  type,  and  the  latter  are  in  duplicate  with 
duplicate  feed  pipes,  and  so  an-anged  as  to  supply  the 
boilers  either  direct  from  the  tank  or  through  the 
economiscr.  The  economiser  scrapers  are  worked  by  means 
of  belting  driven  by  a  single-phase  alternate-current  motor 
of  the  Kolben  type. 

The  generating  plant  consists  of  two  150-kilowatt  sets, 
and  one  30-kilowatt  set,  the  latter  being  principally  used 
for  the  station  day-load.  Tlie  sets  comprise  Raworth's 
Universal  engines,  direct-coupled  to  Brush  inductor-type 
f^ltemators.    The  engines  of  the  two  larger  sets  are  of  250 
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indicated  horse-power,  and  run  at  300  revolutions  per 
minute ;  they  are  fitted  with  automatic  expansion 
f]^overnors.  The  alternators  are  designed  for  a  pressure  of 
2200  volts  at  a  frequency  of  50  alternations  per  second. 

The  switchboard  is  of  the  Cowan  steel  type,  and  is 
divided  into  panels,  each  complete  in  itself,  of  enamelled 
slate.  The  bus  bars  are  mounted  on  porcelain  insulators 
behind  the  board,  and  all  high-tension  parts  are  absolutely 
protected,  and  accidental  contact  with  them  is  impossible. 

There  are  five  and  a-half  miles  of  high-pressure  feeder 
mains,  which  are  of  the  concentric  tjrpe,  with  the  "  outer  " 
earthed,  and  work  at  2000  volts ;  and  twenty-five  miles  of 
low^-pressure  mains  for  public  lighting,  of  which  nineteen 
miles  are  of  the  twin  type  and  six  and  a-quarter  miles 
concentric.  The  low-pressure  private  lighting  cables  are 
concentric  and  five  miles  in  length,  forming  a  network  with 
disconnecting  joint  boxes. 

There  are  ten  street  transformer  boxes  for  private  lighting, 
transforming  from  2000  to  200  volts ;  also  six  transformei's 
for  public  lighting,  transforming  from  2000  to  400  volts, 
the  distribution  in  each  case  being  on  the  two-wire  system. 

With  the  exception  of  four  arc  lamps  in  the  Market-place, 
the  whole  of  the  public  lighting  is  done  with  incandescent 
lamps  of  8  to  16  candle-power,  arranged  two  in  series  across 
the  400-volt  mains.  The  old  gas  lamps  have  in  most  cases 
been  adapted  by  placing  the  electric  lamps  in  the  gas  lanterns. 

Mr.  W.  C.  C.  Hawtayne,  of  Queen-street  Place,  prepared 
the  scheme,  and  acted  as  consulting  engineer  to  the  Watford 
Urban  District  Council  throughout  the  contract. 

Gloucester  Municipal  Electricity  Works. 

These  were  designed  by  and  carried  out  under  the 
direction  of  Mr.  Robert  Hammond,  M.  Inst.  C.E.,  &c.,  Con- 
sulting Engineer. 

The  Boiler  House, — The  boiler  house  contains  four 
Lancashire  boilers,  three  by  Yates  and  Thom,  of  Black- 
bum,  and  one  by  Tinkers.    Each  of  the  former  boilers  i3 
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30ft.  long  by  8ft.  in  diameter,  capable  of  evaporating  6500  lb. 
of  steam  per  hour.  The  latter  is  30ft.  by  8ft.  6in.,  and  evapo- 
rates 8000  lb.  They  are  made  of  steel  throughout,  and  are 
constructed  for  a  working  pressure  of  1601b.  per  square 
inch.  The  shells  are  composed  of  seven  rings,  each  made 
from  one  plate  -flin.  thick.  The  boilers  are  fitted  with 
Proctor's  mechanical  stokers.  The  dampers  in  the  side 
flues  are  worked  from  the  front  end  of  the  boilers,  the 
balance  weights  being  arranged  to  work  in  guides,  which 
are  graduated  to  show  the  opening  in  inches  and  feet. 
Water  is  fed  into  the  boilers  by  a  compound  double-acting 
ram  pump,  made  by  Evans,  of  Wolverhampton,  with  an 
injector  as  stand-by;  and  the  feed- water  can  be  passed 
directly  into  the  boilers,  or  alternately  through  a  feed- 
heater  and  a  Green's  economiser,  containing  96  tubes.  A 
Bruce-Peebles  5-kilowatt  shunt-wound  motor  placed  out- 
side the  pump  house  drives  the  shafting  for  the  mechanical 
stokers  and  the  scmpers  for  the  economiser.  The  main 
steam  and  feed  pipes  are  of  lap-welded  steel,  and  the  whole 
of  the  pipework  was  entrusted  to  Messrs.  Ashton,  Frost  and 
Co.,  Ltd.,  Blackburn. 

The  Engine  House  Plant — The  original  generating, 
plant  consisted  of  two  combined  sets.  The  larger  set  is 
composed  of  a  triple-expansion  engine,  with  one  high  and 
two  intermediate  cylinders  placed  above  three  low-pressure 
cylinders,  working  on  cranks  set  120°  apart.  The  engine 
runs  at  a  speed  of  350  revolutions  per  minute,  and  is 
designed  to  give  500  indicated  horse-power,  with  1601b. 
steam  pressure.  To  this  engine  are  coupled  two  Silvertown 
dynamos,  the  two  being  capable  of  giving  an  output  of 
300  kilowatts  at  any  pressure  between  440  and  500  volts. 
The  dynamos  are  of  the  single  horseshoe  type,  with  drum 
bar  armatures  and  shunt- wound  magnets. 

The  smaller  engine  is  a  two-crank  compound  engine, 
with  one  high  and  one  low-pressure  cylinder,  working  on 
cranks  set  180°  apart,  the  steam  being  distributed  by  a 
single  piston  slide  valve  of  special  design  placed  between 
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them.  This  engine  runs  at  a  speed  of  380  revolutions  per 
minute,  and  will  give  250  indicated  horse -power,  with 
130  lb.  of  steam.  The  engine  drives  two  Silvertown 
dynamos  having  a  combined  capacity  of  .150  kilowatts,  at 
any  pressure  from  440  to  550  volts,  these  machines  being 
of  the  same  type  as  those  of  the  larger  set.  The  engines, 
which  were  made  by  Messrs.  Belliss  and  Morcom,  Ltd.,  of 
Birmingham,  are  fitted  with  their  patent  system  of  forced 
lubrication.  In  this  system  a  small  pump  worked  off  the 
main  shaft  supplies  oil  under  pressure  to  a  series  of  pipes 
which  convey  the  oil  to  each  bearing  and  ensure  every 
working  part  being  thoroughly  lubricated.  By  this  means 
the  engines  are  enabled  to  make  uninterrupted  ruas  for 
long  periods  without  any  undue  consumption  of  oil.  The 
design,  truth  of  workmanship,  and  accuracy  of  adjustment 
of  the  plants  are  of  the  highest  class,  and  permit  of  the 
engines  running  quietly  and  without  trouble  at  the  high 
speed  at  which  they  work.  Since  the  opening,  an  addi- 
tional 300-kilowatt  set  of  plant  (Willans  500  horse-power 
and  Mather  and  Piatt  dynamo)  has  been  elected  and  is  now 
at  work,  thus  making  the  total  capacity  of  the  generators 
750  kilowatts. 

A  booster  is  placed  in  the  engine-room,  and  provides  the 
necessary  additional  pressure  for  charging  the  battery.  It 
consists  of  two  single  horseshoe  undertype  machines  coupled 
together  and  mounted  on  the  same  bed-plate.  One  machine 
runs  as  a  motor,  and  obtains  current  from  the  bus  bars  at 
220  to  250  volts.  It  drives  the  other  machine,  which  is  a 
generator,  and  is  designed  to  give  a  current  of  100  amperes, 
at  any  pressure  from  20  to  150  volts  when  running  at  a 
speed  of  about  780  revolutions. 

In  the  condenser  pit,  the  Blake  and  Knowles  Steam  Pump 
Company  have  erected  three  of  their  world-wide  known  jet 
condensing  plants.  Each  of  these  is  capable  of  dealing 
easily  with  10,000  lb.  of  steam  per  hour,  and  of  maintaining 
a  vacuum  of  26in.  under  all  normal  conditio!^  of  latino* 
spheric  pressure. 
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An  overhead  travelling  crane  spans  the  engine-room.  It 
was  made  by  Messrs.  Spencer,  of  Hollinwood,  and  will  lift  a 
weight  of  10  tons. 

Tlie  Sxvitch  Gear, — On  a  gallery  running  along  one  side 
of  the  engine-room  is  placed  the  switchboard.  It  is  com- 
posed of  nine  enamelled  slate  slabs  fixed  in  a  wrought  iron 
frame,  which  rests  on  a  plinth  of  glazed  bricks.  The  slates 
are  insulated  from  the  iron  frame  by  ebonite  bushes  and 
washers,  and  the  uprights  of  the  framework  are  hidden  by 
a  polished  brass  beading,  which  gives  a  very  neat  appearance 
to  the  board. 

The  switchboard  is  divided  into  three  parts  :  the  positive 
on  the  right,  the  booster  and  battery  switches  and  instru- 
ments being  in  the  centre,  and  the  negative  on  the  left.  On 
the  positive  side  are  mounted  the  two  minimum  automatic 
cut-outs,  shunt  regulating  switches,  and  shunt  breaking 
switches  for  the  dynamos,  as  well  as  theirduplex  fuses  and  two- 
way  switches.  In  circuit  with  each  dynamo  is  a  Crompton 
shunted  type  ammeter,  and  a  Crompton  dead  beat  voltmeter 
is  common  to  the  two  machines,  the  switch  being  placed 
below  the  voltmeter.  At  the  top  of  the  board  are  placed 
the  six  sets  of  feeder  gear,  which  consists  of  an  ammeter,  a 
two-way  switch  with  a  quick-break  action  for  disconnecting 
the  circuit,  and  a  duplex  fuse.  The  negative  side  of  the 
board  is  similar  in  every  respect.  The  centre  panel 
contains  all  the  switches  for  operating  the  booster.  Above 
these  are  placed  hand  wheels,  which  are  geared  to  the 
battery  switches,  which  are  placed  in  the  battery -room  over 
the  switchboard.  Each  hand  wheel  is  surrounded  by  the 
numbers  of  the  contacts  on  the  battery  switch,  and  the  gear 
is  so  arranged  that  for  each  complete  turn  of  the  wheel 
the  battery  switch  is  moved  on  to  a  new  contact,  the 
number  of  which  is  indicated  by  a  pointer  moving  to  the 
corresponding  number  on  the  front  of  the  board. 

In  circuit  with  the  earth  connection  from  the  middle  wire 
an  automatic  device  has  been  fixed  off  the  board.  It  is 
manufactured  by  Messrs.  Crompton  and  Co.,  and  is  of  the 
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same  construction  as  their  well-known  type  of  automatic 
cut-out.  It  is  so  arranged  that  as  soon  as  the  earth  current 
exceeds  10  ampferes,  the  ammeter  is  short-circuited,  leaving  a 
direct  connection  from  the  middle  wire  to  earth.  There  is 
an  interlocking  arrangement  on  the  switch  which  prevents 
the  ammeter  being  put  into  circuit  until  the  earth  current 
has  again  fallen  below  10  amperes.  The  dynamos  and  the 
booster  are  connected  to  the  board  by  means  of  india-rubber 
lead-covered  cables  drawn  into  Doulton  casing;  and  the 
battery  is  coupled  up  by  iin.  copper  rods  run  on  insulators, 
which  are   suspended  on  wrought  iron  straps  from  the 

roof. 

The  whole  of  the  switchboard  work  and  the  cable  and 

copper  connections  have  been  carried  out  by  Messrs.  Cromp- 
ton  and  Co.,  of  Chelmsford. 

The  Battery,— The  battery  consists  of  280  K.W.S.  type 
cells  manufactured  by  the  Electrical  Power  Storage  Com- 
pany,  Limited,  and  is  capable  of  maintaining  a  discharge  of 
80  ampferes  continually  for  10  hours.  The  containing  boxes 
are  of  wood,  lead-lined,  each  cell  containing  thirty  plates 
separated  by  glass  tubes  held  in  places  at  the  top  and 
bottom ;  and  the  cells  are  placed  on  two-tier  stands  with 
iron  standards  and  wood  bearers.  The  approximate  weight 
of  each  cell,  complete  with  acid,  is  435  lb. 

Tlie  Mains. — Callender  s  Cable  and  Construction  Com- 
pany were  entrusted  with  this  important  part  of  the  work, 
the  mains  being  laid  on  the  "  solid  "  system.  Briefly,  this 
method  may  be  described  as  follows  : — In  the  trench  square 
cast  iron  troughs  are  laid,  into  which,  at  intervals  of  about 
a  foot,  are  placed  wooden  bridge  pieces  for  supporting  the 
cable.  A  clearance  all  round  the  cable  is  thus  provided,  so 
that  when  bitumen  is  poured  into  the  trough  it  flows  all 
round  the  cable.  Over  the  troughs  are  laid  cast  iron  covers. 
For  the  private  supply  the  electricity  is  conveyed  from  the 
generating  works  to  various  parts  of  the  city  by  six 
"  feeder  "  cables,  which,  as  their  title  implies,  feed  the  net- 
work of  cable  that  distributes  the  current  amongst  the 
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consumers.  The  five  principal  "  feeders  "  are  of  '4  square 
inch  section,  the  other  being  '25  square  inch.  By  the  side 
of  each  feeder  a  three-core  -j^  "  pilot "  cable,  lead-sheathed 
and  armoured,  is  laid  direct  in  the  earth,  and  runs  from 
each  feeding  point  to  the  main  switchboard  at  the  generat- 
ing works.  The  distributing  mains  form  a  complete  net- 
work of  cables  of  various  sizes,  and  are  joined  up  to  the 
feeders  in  Callender's  disconnecting  boxes.  From  the 
distributors  service  lines  are  run  to  each  consumer.  All 
the  feeders  and  distributors  are  triple-concentric,  lead- 
sheathed  cables,  which  are  further  protect*3d  by  the  bitumen 
compound  in  the  cast  iron  troughs. 

The  cable  used  for  conveying  the  energy  to  the  public 
street  lamps  is  a  tV  single  lead-sheathed  conductor  laid 
direct  in  the  ground.  Each  section  of  the  public  lighting 
cable  is  connected  at  suitable  points  to  the  network. 

The  total  amount  of  cable  laid  up  to  the  present  is  as 

follows : — 

Miles. 
Feeder  cftbles ...    ...      8f- 


Pilot  cables 

Distributor  cables 
Public  lamp  cables 


Total 


28f 


Considerable  extensions  have  been  made  to  the  mains 
since  the  opening  of  the  works. 

The  Pvhlic  Lighting, — At  the  present  there  are  44  arc 
lamps  in  use  for  the  street  lighting,  these  being  grouped  in 
four  series  of  nine  lamps  each,  and  two  of  four  lamps,  and 
supplied  with  electrical  energy  from  the  distributing 
network.  The  lamps  are  the  Brockie-Pell  single  carbon 
type,  and  are  erected  on  posts  supplied  by  Messrs.  Hardy 
and  Padmore,  of  Worcester.  Each  lamp  is  provided  with 
an  automatic  switch,  which  inserts  a  substitutional  resist- 
ance if  the  circuit  in  the  lamp  be  broken.  For  trimming 
and  repairs  the  lamps  are  lowered  by  means  of  a  winch 
fitted  in  the  base  of  the  pillars. 


^  E 


Q 


System  of  Charging. — After  very  careful  consideration, 
the  Corporation  decided  to  adopt  a  sliding-scale  system, 

Tablb  LXVir. 

The  joUowing   TahU  givsa  a  Uteful  ComparUon   of  the  Coat  of 
Electrio  Light  and  Qa»  in  Gloueetter. 


NombM  of 
boon 

AanDalooBtofelec- 
ttio  lamps  uidordi 
>uu7  g«  bqniera 

glTlDg  S  Cp. 

1» 

Clu  of  premiwL 

f 

1 

Offices,  &o 

1 

865 

/■ 

s.   d. 
6    4 

a.  d. 
8    S 

B.    d. 

Early  closing  shops 

2 

780 

*i 

6    6 

7    I 

- 

Other Bhops      

8 

1095 

8-8 

10    4 

10  11 

0    7 

Dwelling-hoaaea,  Ac.      .. 

4 

1480 

8'4 

12    2 

14    6 

2    4 

Hotels,    restauruits,    and 
public-houses 

[ 

0 
6 

1826 
2190 

81 
2-9 

14  2 

15  11 

18    8 
21  10 

4  1 

5  11 

Clubs  and  billiard  roomsi 

7 

2555 

2-78 

17    9 

25    7 

7  10 

[ 

Outaide  lamps,  darkbusi) 
nesB    premises    and  ^ 

e 
11 

24 

2920 

4015 
8760 

2-68 
2'50 
2-28 

19    7 
24  11 
48  10 

29    2 
40    1 

87    6 

9    7 
16    2 
38    7 

N.B. — The  above  figures  do  not  include  the  cost  of  renewing  lamps, 
but  a  lamp  (costing  Is.)  will  burn  about  2J  hours  a  daj  for  a  year. 
On  the  other  hand,  no  allowance  has  been  made  in  respect  of  the  great 
saving  that  may  be  effected  by  the  use  of  suitable  switching  arrange- 
ments for  turning  off  the  light  when  not  required,  or  in  respect  of  the 
periodical  saving  in  the  cost  of  decorating  premises  and  other  advan- 
tages resulting  from  the  use  of  electricity. 

whereby  the  price  of  electricity  to  any  consumer  will  be 
regulated  by  the  length  of  time  during  which   the  supply 
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is  used.  The  scale  of  charges  has  been  fixed  as  follows 
(since  revised  by  reducing  7d.  to  Gd.) : — 

Sevenpence  per  unit :  For  any  number  oE  units  up  to 
the  equivalent  of  100  hours'  use  per  quarter  of  the 
maximum  demand  recorded  by  the  demand  indicator. 
(N,B. — By  "maximum  demand"  is  meant  the  largest 
quantity  of  electrical  energy  in  actual  use  at  some 
particular  time  during  the  quarter.) 

Twopence  per  unit :  For  all  consumption  during  the 
quarter  beyond  the  above.  The  object  of  this  sliding  scale 
of  charges  is  to  provide  for  the  payment  by  each  consumer 
of  the  due  proportion  of  the  charges  which  ai'e  involved 
in  laying  down  and  always  keeping  ready  the  necessary 
plant  for  the  supply  of  the  full  amount  of  electrical  energy 
which  the  consumer  may  at  any  time  demand. 

For  motive  power  the  following  rates  have  been  adopted: 
— 4Jd.  per  unit  for  any  number  of  units  up  to  the  equiva- 
lent of  100  hours'  use  per  quarter  of  the  maxim\im  demand 
recorded  by  the  demand  indicator ;  l^d.  per  unit  for  all 
consumption  during  the  quarter  beyond  the  above.  That 
this  is  an  extremely  favourable  rate  to  the  consumer  will  be 
seen  from  the  following  table : — 


Table  LXVIII. 

For  a  use  of  1  hour  per  day  of  the  maidmum  demand, 

the  average  price  per  unit  will  be  ..< 
For  a  use  of  2  hours  ditto  ditto      ...     . 
For  a  use  of  4  hours  ditto  ditto      ...     . 
For  a  use  of  6  hours  ditto  ditto      ...     . 
For  a  use  of  12  hours  ditto  ditto    ...     . 


d. 

4-5 

815 

2*82 

2-05 

1-77 


The  following  particulars  of  the  first  eight  and  a-half 
months  of  working  will  be  of  interest : — 


Number  of  8  candle-power  lamps  connected  at 

81st  March  last      14,008 

Number  of  units  sold  during  eight  and  a-half 

months     177,884 
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Price  charged  during  that  period : — 

For  lighting,  7d.  per  unit  for  the  first  100 
hours  of  the  maximum  ddmand  per 
quarter,  2i.  per  unit  for  all  further 
consumption. 
For  power  and  heat,  ^d.  per  unit  for  the 
first  100  hours  of  the  maximum  de- 
mand per  quarter,  and  1^.  per  unit 
for  all  further  consumption. 
The  average   price  for  the    eight  and    a-half 
months  works  out  as  follows : — 
Private  lighting  and  power  supply 

The  financial  results  were  as  follows : — 

Total  revenue  for  eight  and  a-half  months 
Costs  of  working... 

Gross  profit 

Interest  and  sinking  fund... 
Deficit  for  eight  and  a-half  months 


•  *  •         •  •  • 


I  •  •         •  •  • 


•  •  •         •  «  • 


•  •  •         •  •  • 


4'dOd.  per  unit. 


J92760 
Jgl536 
jei360 
£1423 
£6S 


For  the  first  few  months'  working  of  a  new  concern  this 
is  a  highly  satisfactory  result. 

The  costs  of  working  are  as  follows : — 


£ 

Per  tmit. 

v/OcU           ...        ...        ...        ...        ...       «■( 

... 

642     ... 

...     •87d. 

Oil,  waste,  water,  and  engine-room 

BhOCwS...       ...        ...       ...        ...       ,,, 

51     ... 

...     •07d. 

Wages  of  workmen     

310     ... 

...     •42d. 

Repairs  and  maintenance 

134     ... 

...     -ISd. 

Rent,  rates,  and  taxes       

125     ... 

...    -nd. 

Management  expenses      

268     ... 
1636     ... 

...     •86d. 

Total     

...  2-07d. 

Bristol. 

Historical  Note, — Bristol  was  one  of  the  earliest  of 
British  towns  to  take  active  steps  to  secure  rights  to  work 
an  electrical  undertaking  under  municipal  control.  In  1883 
a  Provisional  Order  was  obtained  from  the  Board  of  Trade 
under  the  Electric  Lighting  Act  of  1882.  For  some  years, 
however,  no  further  steps  were  taken,  Mr.  W.  H.  Preece 
(now  Sir  William  Preece),  the  Consulting  Engineer  called 
in  by  the  Committee  to  advise,  recommending  *'  a  waiting 
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policy  "  until  schemes  for  generation  and  distribution  had 
been  further  developed  and  tried. 

In  December,  1891,  Mr.  Preece  presented  a  report  recom- 
mending the  outlay  of  £06,000  upon  the  equipment  of  a 
complete  system  for  the  supply  of  20,000  incandescent 
lamps  (t.e.,  10,000  of  16  c.p.)  and  100  arc  lamps.  A  site 
for  the  generating  station  was  obtained  at  Temple  Back. 

In  October,  1892,  Mr.  H.  Faraday  Proctor,  the  City 
Electrical  Engineer,  was  appointed  to  supervise  the  general 
arrangement  of  the  works,  and  manage  them  when  laid 
down. 

The  supply  of  electricity  to  private  consumers  was  com- 
menced in  August,  1893,  at  the  date  of  the  opening  of  the 
Bristol  Exhibition,  and  the  public  street  arc  lamps  were 
first  lighted  in  November  of  the  same  year.  By  the  end 
of  1893  there  were  connected  nearly  8000  lamps,  or  about 
40  per  cent,  of  the  total  number  originally  contemplated  in 
the  scheme.  Up  to  this  period  20  miles  of  cable  had  been 
laid,  ten  sub-stations  equipped,  and  120  consumers  con- 
nected, the  capital  outlay  being  about  £80,000  (including  the 
value  of  plant  purchased  but  not  paid  for). 

In  1894  the  plant  capacity  was  increased  by  two-thirds, 
a  small  gas  engine  and  alternator  which  had  been  put  in  to 
run  the  light  load  during  the  small  houra  of  the  morning 
and  the  day,  being  displaced,  the  rapid  increase  in  the 
demand  for  current  having  rendered  this  plant  too 
small  for  beneficial  use.  Further  additions  have  been  made 
to  the  generating  plant  every  year. 

In  1896  a  general  scheme  was  prepared  and  passed 
for  the  extension  of  the  buildings  and  machinery,  and 
also  the  mains  for  private  supply  and  for  public  street 
lighting  by  arc  lamps.  The  general  arrangement  of  the 
extensions  was  carried  out  on  similar  lines  to  the  original, 
but  larger  machines  were  put  in,  each  unit  of  plant  (i.e., 
engine  and  altemating-cunent  generator  combined),  giving 
double  the  output  of  the  largest  machine  hitherto  used. 
Five    more     Lancashire    boilers,    fitted    with    automatic 
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mechanical  stokers,  were  put  down.  In  this  extension 
electricity  was  adopted  for  driving  all  the  auxiliary  plant, 
such  as  boiler  feed  pumps,  mechanical  stokers,  circulating 
pumps,  &c. 

In  1898  a  still  further  extension  of  the  plant  was 
arranged,  including  two  Babcock  and  Wilcox  water-tube 
boilers,  and  considerable  developments  and  improvements 
were  made  in  the  switchboards  from  time  to  time. 

Owing  to  the  limited  space  available  at  Temple  Back, 
and  the  very  rapid  increase  in  the  demand  for  electricity, 
it  became  necessary  to  consider  the  best  means  of  arranging 
for  the  ultimate  requirements,  or  at  any  rate  to  meet  the 
demand  for  many  years  to  come. 

The  site  selected  and  purchased  for  the  new  electricity 
works  is  situated  on  the  Feeder  Boad ;  it  is  bounded  by  the 
Feeder  Road  and  Canal,  one  of  the  Bedminster  collieries, 
a  branch  line  of  the  Great  Western  Railway,  and  by 
vacant  land ;  it  is  about  ten  acres  in  extent,  and  1"=?  within 
a  reasonable  distance  from  all  parts  of  the  City  for  the 
distribution  of  electrical  energy. 

The  schemes  for  the  extensions  were  prepared  by  the 
Engineei*s  of  the  Electricity  Department.  The  excavation 
for  the  foundations  for  these  works  was  commenced  on 
November  12th,  1900.  The  foundations  for  the  main 
buildings  were  practically  completed  about  the  end  of 
April,  1901.  The  erection  of  the  superstructure  and  the 
machinery  were  carried  on  simultaneously,  and  the  steam 
pressure  was  first  raised  in  the  boilers  on  December  23rd, 
1901,  that  is  to  say,  only  thirteen  months  after  the  com- 
mencement of  the  excavation  for  the  foundation  contract. 

Generators, — In  the  engine-room,  which  is  1 50ft.  long  by 
47ft.  wide  and  40ft.  high  to  the  springing  of  the  roof,  there 
are  at  present  placed  two  745-kilowatt  steam  alternators, 
each  capable  of  an  emergency  load  of  920  kilowatts ;  in 
other  words,  each  of  these  machines  at  its  emergency  load 
'  would  supply  sufficient  energy  to  keep  alight  30,666 
8  candle-power  lamps.     There  are  also  two  165-kilowatt 


^ristoL  441 

steam  dynamos,  intended  for  driving  the  works  power* 
that  is  to  say,  for  supplying  the  energy  to  the  numerous 
motors  used  for  driving  auxiliary  plant  in  the  present 
instalment  and  future  extension  of  the  works. 

Engines, — The  engines  are  all  of  the  well-known  Willans 
central  valve  make,  and  are  single-acting  triple-expansion 
engines,  the  larger  ones  having  three  lines  and  the  smaller 
ones  two  lines  of  cylinders.  The  high  speed,  besides  giving 
great  steadiness  in  driving,  concentrating  great  power  in  a 
small  space  and  saving  weight^  enormously,  specially  adapts 
the  Willans  engine  for  the  direct  driving  of  dynamos  or 
other  high-speed  machinery,  and  is  an  important  factor  in 
steam  economy. 

Alteimators, — Each  of  the  larger  engines  is  direct  coupled 
to  a  Siemens  "  Copper-type  "  alternator,  running  at  a  speed 
of  224  revolutions  per  minute,  generating  electricity  at  a 
pressure  of  about  2000  volts.  The  exciters  for  the  alter- 
nators are  also  of  Messrs.  Siemens  Bros.'  make. 

DyncLmos, — The  smaller  engines  are  direct-coupled  to 
Siemens  two-pole  compound-wound  dynamos,  generating 
continuous  current  at  a  pressure  of  500  volts. 

Motors. — The  motors  for  driving  the  auxiliary  plant 
throughout  the  works  are  of  Messrs.  Siemens  Bros.' 
4d  type. 

Sivitchboards. — The  switchboard  gallery  is  at  a  height  of 
12ft.  above  the  engine-room  floor,  the  room  underneath 
being  used  for  the  machine  resistances  and  other  apparata 
in  connection  with  the  switchboard.  The  switchboards 
are  of  the  Ferranti  type,  and  are  built  into  the  wall. 
They  are  compased  entirely  of  non-inflammable  material, 
being  specially  designed  to  avoid  risk  of  either  fire  or 
personal  injury  to  the  operators.  Heavy  slate  panels  are 
fixed  horizontally,  and  grouted  into  the  wall.  Between 
these  main  slates,  and  sliding  into  grooves  in  them,  are 
arranged  a  number  of  vertical  division  slates,  about  -i^in. 
j  thick,  dividing  the  whole  base  into  a  number  of  distinct 

compartments.    The  switches,  instruments,  bus-bars,  &c., 
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are  mounted  in  such  a  way  that  each  appliance  and  each 
conductor  is  separated  by  some  insulating  material,  each 
fitting  being  mounted  in  an  entirely  separate  compartment. 
The  cables,  run  from  machines,  are  sealed  in  receivers  fixed 
to  the  bottom  of  the  board,  and  in  the  case  of  the 
alternating  current  board,  one  conductor  is  connected  to 
the  earth  bar — also  fixed  to  the  bottom  slate — the  other 
being  joined  to  the  fuse  panel  contacts.  Each  machine  and 
circuit  panel  consists  of  an  oil-brake  fuse,  with  duplicate 
contacts,  a  high-tension  spring  "oil-brake'*  switch,  high- 
tension  ammeter  and  contacts,  and  bus-bar  fittings.  All 
instiuraents,  fuses,  bus-bar  links,  &c.,  may  be  quickly 
removed  without  danger  while  the  board  is  alive,  and  the 
board  having  no  back  avoids  the  usual  tangle  of  cables, 
thus  minimising  the  danger  of  fire  or  accident.  This  is  the 
same  type  of  switchboard  as  that  which  is  being  installed 
by  degrees  at  Temple  Back  to  take  the  place  of  the  older 
form  of  switchboard. 

Trunk  Cables, — At  these  switchboards  connections  are 
made  by  means  of  "  trunk "  mains  with  the  plant  at 
Temple  Back,  it  being  the  intention  to  run  the  whole  of  the 
plant,  for  the  time  being  at  any  rate,  in  parallel,  the  energy 
generated  at  the  Avonbank  Works  being  transmitted  by 
means  of  these  trunk  mains  to  Temple  Back  Works  for 
distribution  over  the  city.  The  mains  at  present  laid  are 
three  in  number — two  conductor,  concentric,  paper  insulated 
— of  Messrs.  Siemens  Bros.'  make. 

Generators. — In  the  engine-room  there  are  eighteen 
Willans  engines,  working  at  a  steam  pressure  of  125  lb. 
per  square  inch,  driving  alternators  and  dynamos,  the 
former  for  general  lighting  purposes  and  the  latter  for  street 
arc  lighting  and  for  power  supply. 

Systems  of  Supply. — The  distribution  of  energy  is  carried 
out  on  the  three  following  systems: — (1)  High-pressure 
alternating  current  at  2000  volts.  (2)  Direct  current  at  GOO 
volts  for  arc  lighting.  (3)  Direct  current  on  the  three- 
wire  system  at  260  or  509  volts. 
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(I)  High-pressure  A Itemat ing-c iirrent  Supply. — The 
current  is  taken  from  the  central  station  by  njeans  of 
cables  direct  to  distributing  sub-stations  at  various  central 
points,  and  is  there  transformed  from  2000  volts  to  105  or 
210  volts,  at  which  pressure  the  energy  is  delivered  to  the 
consumers. 

The  high-pressure  alternating-current  system  was  adopted 
on  account  of  the  very  large  area  over  which  the  energy  has 
to  be  supplied.  It  is  neither  safe  nor  permissible  to  supply 
the  public  generally  at  a  high  pressure,  but,  on  the  other 
hand,  it  is  not  economical  to  distribute  a  low-pressure  current 
at  a  great  distance  from  the  point  where  the  energy  is 
generated.  It  was,  therefore,  desirable  to  generate  the 
current  at  a  high  pressure  and  transform  it  down  to  a  lower 
and  safer  pressure  at  numerous  local  centres  for  distribution 
Under  existing  circumstances  alternating  current  is  more 
suitable  than  direct  current,  since  alternating  current  can  be 
transformed  by  apparata  having  no  moving  parts  and  not 
requiring  constant  attention.  The  transformer  in  Bristol 
receive  their  supply  of  current  at  a  pressure  of  2000  volts, 
and  they  reduce  this  to  a  pressure  of  105  or  210  volts,  that 
is  to  say,  in  the  ratio  of  about  20  to  1  or  10  to  1 ;  at  the 
same  time  the  quantity  of  current  is  amplified  in  the  same 
ratio.  For  each  ampere  of  current  delivered  to  the  high 
tension,  or  primary  side  of  a  transformer,  20  or  10  amperes 
respectively  are  delivered  from  the  low-tension  or  secondary 
side.  These  apparata,  together  with  the  switches,  auto- 
matic cut-outs,  and  other  appliances,  are  placed  in  sub- 
stations, which  are  usually  situated  under  the  footways  or 
roadways. 

The  sub-station,  which  is  situated  under  the  roadway  at 
the  junction  of  Whiteladies'  Road  with  Queen\s  Road, 
contains  such  apparata^  but  in  addition  thereto  it  is  used  as 
the  distributing  centre  for  the  whole  of  Clifton  and  Red- 
land  ;  that  is  to  say,  the  main  or  trunk  high-tension  cabks 
from  Temple  Back  are  laid  thereto,  and  sub-high-tension 
cables  are  taken  therefrom  'to  ail  the  different  sub-stations 
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in  the  before-mentioned  neighbourhoods.  The  necessary 
fuses  and  other  safety  appliances  required  for  the  controlling 
of  these  feeders  are  contained  in  this  distributing  station. 

The  trunk  feeder  cables  for  the  Clifton  and  Redland 
street  arc-lighting  circuits  are  similarly  treated  in  this 
distributing  station.  In  other  words,  this  distributing 
station,  in  relation  to  Temple  Back,  performs  the  same 
functions  for  the  north-western  portion  of  the  city  as  the 
Temple  Back  station  will  perform,  in  relation  to  the  new 
Avonbank  Electricity  Works,  for  the  city  generally.  The 
energy  is  transmitted  from  Avonbank  to  Temple  Back  by 
trunk  feeder  cables  for  distribution  to  other  feeder  cables 
connected  with  the  different  sub-stations  in  the  city.  There 
are  in  all  at  the  present  time  55  sub-stations,  the  dimensions 
of  the  smallest  standard  size  of  sub-station  being  10ft.  long, 
6ft.  6in.  wide,  and  6ft.  6in.  high. 

The  cables  used  for  feeding  the  sub-stations  with  high- 
pressure  current  are  two  conductor  concentric  cables 
insulated  with  impregnated  fibre  or  paper,  protected  from 
moisture  by  the  formation  of  a  lead  tube,  at  great  pressure, 
round  the  outside  of  the  insulation  at  the  time  that 
the  cable  is  manufactured ;  this  tube  is  further  protected 
by  a  covering  of  yarn  or  jute,  which  is  then  served  over 
with  two  continuous  tapes  of  steel  wound  on  spirally,  so 
that  the  outer  tape  overlaps  the  joint  of  the  inner  one. 
This  steel  sheathing  is  served  with  an  impregnated  braiding 
to  prevent  coiTOsion.  Such  cables  are  laid  direct  in  the 
ground  at  the  depth  of  about  18in.,  preferably  under  the 
footways.  They  are  then  covered  over  with  bricks,  simply 
as  a  caution  to  workmen  who  may  at  any  time  be  disturbing 
the  soil  in  the  neighbourhood. 

2.  Direct  Cui^ent  at  600  Volts  for  Arc  Lighting. — The 
whole  of  the  street  arc-lighting  is  arranged  on  what  is 
technically  known  as  the  multiple  series  system.  An  arc 
lamp  such  as  is  used  in  Bristol  requires  a  current  of  about 
10  amperes  at  a  pressure  of  about  50  volts.  The  arc  lamps 
are  arranged  in  circuits,  twelve  lamps  being  placed  on  each 
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circuit.  A  cable  with  one  conductor  is  laid  up  to  the  first 
lamp  on  the  circuit,  such  cable  being  supplied  with  10 
amperes  of  current  only ;  the  whole  of  this  current  passes 
through  the  first  lamp  and  is  carried  by  an  extension  of  the 
cable  to  the  next  lamp,  through  which  it  also  passes,  and  so 
on  till  it  has  passed  through  all  the  twelve  lamps  forming 
the  circuit;  to  the  other  terminal  of  the  last  lamp  the 
return  cable  is  connected.  Since  each  lamp  requires  a 
pressure  of  about  50  volts,  and  the  cable  is  supplied  at  a 
pressure  of  600  volts,  the  twelve  lamps  thus  absorb  the 
whole  of  the  energy  delivered  to  this  cable.  The  first 
ninety-six  street  arc  lamps  erected  in  Bristol  were  on  this 
system. 

In  the  later  extensions  of  arc  lighting  the  system 
has  been  slightly  revised,  inasmuch  as  two-wire  concentric 
cables  have  been  used  to  supply  the  circuits,  these  being  in 
some  instances  fed  by  six  conductor  cables,  as,  for  instance, 
at  the  Victoria  Rooms  distributing  station. 

The  arc  lamps  are  all  of  the  Brockie  Pell  type,  the  older 
lamps  having  top  and  bottom  carbons  of  the  same  diameter- 
There  are  two  pairs  of  carbons  in  each  lamp,  such  being 
necessary  to  allow  of  the  lamp  burning  throughout  the 
whole  of  a  winter  night  without  being  re-carboned.  When 
the  required  hours  of  burning  are  less  than  in  mid-winter 
the  short  lengths  of  carbon  which  are  often  left  over  are 
inserted  in  that  side  of  the  lamp  which  first  comes  into 
operation,  so  that  these  lengths  may  be  burnt  up;  after 
which  that  side  of  the  lamp  "  cuts  out,"  and  the  side  con- 
taining the  other  carbons  automatically  comes  into  opera- 
tion. At  the  moment  of  change  over,  and  for  a  short  while 
afterwards,  until  the  new  carbons  have  become  incandescent 
and  burnt  to  their  proper  shape  at  the  points,  the  lighting 
is  liable  to  be  somewhat  erratic,  as  is  the  case  immediately 
after  the  lamps  are  first  lighted. 

3.  Direct  Current  on  tlie  Three-^vire  System  at  250  or  500 
Volts  for  Motor  Power, — Since  numerous  applications  were 
received  for  electricity  for  driving  machinery  in  diflbrent 
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parts  of  the  city,  it  was  deemed  advisable  to  inaugurate  a 
supply  of  direct  cuiTent  for  such  purposes,  since  direct- 
current  motors  are  more  suitable  for  driving  some  classes  of 
machinery  than  those  supplied  with  alternating  current. 
Mains  for  supplying  this  class  of  energy  have  been  laid  in 
the  principal  manufacturing  districts  in  the  central  portions 
of  the  city,  and  are  being  also  extended  to  some  of  the  out- 
lying districts  as  the  demand  arises. 

Some  of  the  advantages  of  motor  driving  for  machinery 
in  factories  may  be  summarised  as  follows  : — (1)  Saving  in 
cost  of  power.  (2)  Flexibility  of  the  system.  (3)  Increased 
output  at  the  same  or  less  cost.  (4)  Greater  immunity  from 
serious  breakdown. 

1.  Saving  in  Cost  of  Power, — In  considering  the  question 
of  the  electric  driving  of  machinery,  the  saving  in  cost  of 
power  is  too  often  looked  upon  as  the  only  advantage  to  be 
gained,  and  is  treated  lightly,  because  the  whole  cost  of 
power  in  a  manufactory  often  forms  a  very  small  proportion 
of  the  total  cost  of  production.  It  must,  however,  in  such 
instances,  be  evident  that  if  advantages  are  gained  under 
other  heads  leading  to  a  substantial  increase  of  output  and 
diminished  cost  of  production,  they  are  of  much  greater 
importance  than  the  saving  in  cost  of  power.  Owing  to  the 
great  diversity  in  the  arrangement  of  different  factories,  it  is 
impossible  to  lay  down  any  fixed  laws  by  which  saving 
can  be  effected  under  the  above  heading.  In  the  case  of  a 
large,  well-arranged,  one-storey  factory  with  one  engine  of 
economical  design,  suitably  placed  for  driving  several  main 
lines  of  shafting,  the  actual  saving  in  cost,  though  consider- 
able, will  not  be  so  great  as  in  a  factory  extended  from  time 
to  time,  consisting  of  two  or  more  storeys  or  separate 
buildings,  each  having  one  or  more  small  and  less  economical 
engines  supplied  with  steam,  either  by  long  lengths 
of  steam  piping  from  a  central  boiler  plant  or  from 
separate  boiler  plant  with  correspondingly  deceased 
efficiency. 

The  saving  to  be  effected  in  the  cost  of  power  may  be 
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considered  under  four  heads : — (a)  Cost  of  power  produc- 
tion, (b)  Distribution,  (c)  Maintenance,  repairs  and 
attendance,     (d)  Intermittent  working. 

(a)  In  the  majority  of  factories  (particularly  is  this  so  in 
small  ones)  the  cost  of  power  production  is  very  considerable, 
owing  to  the  impossibility  of  obtaining  small  engines  which 
are  economical  in  their  working,  and  which,  due  to  the  lack 
of  skilled  attention,  are  allowed  to  become  yet  less  efficient 
as  time  passes.  If  an  engine  is  allowed  to  work  without 
periodical  "  indicating "  and  careful  examination,  its 
efficiency  may  fall  considerably  without  such  becoming 
apparent,  whereas  in  the  case  of  an  electric  motor,  the 
efficiency  cannot  fall  or  change  in  any  way  after  it  is  once 
in  proper  working  condition. 

(b)  In  order  to  appreciate  the  saving  under  the  head  of 
distribution,  it  is  necessary  to  consider  the  circumstances  in 
each  individual  case.  With  a  system  of  steam  driving, 
losses  occur  due  to  radiation  from  the  steam  pipes,  energy 
absorbed  in  shafting,  belting,  bevel  or  worm  gear, 
&c.;  such  losses  are  practically  constant  at  all  loads,  and 
bear  a  very  much  higher  percentage  to  the  useful  power 
when  only  partial  load  is  on  the  plant.  All  these  losses, 
with  the  exception  of  the  loss  due  to  radiation  from  the 
steam  pipes,  are  common  to  gas-driven  plant.  In  the  case 
of  an  electrical  system  the  distribution  by  means  of  cables 
and  wires  takes  the  place  of  the  steam  pipes,  main  belts, 
main  shafts  and  gear,  perhaps  leaving  in  some  few  cases 
short  lengths  of  shaft.  In  the  majority  of  instances  the 
motor  can  be  directly  coupled  to  the  machine  to  be  driven, 
thus  entirely  obviating  the  necessity  for  any  shafting. 
The  losses  in  wires  and  cables  at  top  load  are  exceedingly 
small  in  a  well-designed  system;  at  times,  other  than  the 
maximum  load,  the  losses  are  practically  negligible  even 
should  the  system  be  indifferently  arranged.  The  saving 
to  be  obtained  by  electric  driving  under  this  head  alone 
will  probably  be  fully  5  to  10  per  cent.,  at  full  load,  over  a 
carefully-designed  steam  plant,  and  has  proved  to  be  much 


448  Bi-istol 

greater  at  lower   loads.      Indeed,  in  some  instances,  the 
saving  has  amounted  to  60  or  70  per  cent. 

(c)  There  is  a  saving  in  maintenance,  repairs  and  attend- 
ance, owing  to  the  greatly  diminished  quantity  of  shafting, 
belting,  and  the  absence  of  steam  joints.  Since  the  action 
of  a  motor  is  entirely  a  rotary  one,  the  wear  is  prac- 
tically nil,  there  being  no  reciprocating  parts  or  even 
rubbing  surfaces,  other  than  the  two  bearings  and  the 
brushes.  The  commutator  is  the  only  part  of  the  motor  that 
requires  more  than  casual  attention,  but  if  due  care  is  taken 
to  keep  it  clean  and  the  brushes  are  properly  set,  no  trouble 
is  experienced,  the  whole  work  of  examining  and  setting  the 
brush  gear  may  be  easily  carried  out  by  one  man  in  half 
an  hour  in  the  case  of  a  large  motor,  or  in  less  time  in  that 
of  a  small  one.     The  lubrication  is  automatic. 

(d)  The  rapidity  and  ease  with  which  an  electric  motor 
is  started  and  stopped,  results  in  a  very  great  diminution 
in  the  amount  of  energy  used,  since  each  motor  will  be 
stopped  the  instant  the  machinery  driven  by  it  is  idle, 
and  will  cease  to  absorb  energy  until  such  machine  is 
again  required.  The  change  over  from  steam  to  electrical 
driving  can  be  effected  by  such  stages  as  will  allow  the 
work  of  a  factory  to  proceed  practically  without  inter- 
ruption, and  will  also  allow  of  a  thorough  practical  trial  of 
the  newer  system  of  driving,  under  working  conditions 
without  a  change  of  the  entire  system. 

2.  Flexibility  of  tlie  System, — The  use  of  separate  motors 
for  large  machines  or  for  groups  of  small  machines  enable 
these  latter  to  be  placed  in  the  most  suitable  positions 
for  the  convenient  handling  of  the  material  to  be  worked, 
irrespective  of  the  position  or  direction  of  the  line  shafts. 
The  advantages  to  be  gained  by  the  use  of  portable  or 
semi-portable  machines  is  very  great,  it  often  being  more 
convenient  to  take  a  machine  to  its  work  rather  than  move 
the  material  to  the  machine.  A  great  range  of  speed  can 
can  be  obtained  economically  by  a  suitable  means  of 
control. 
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The  flexibility  of  the  system  is  also  a  great  advantage 
in  case  of  extensions  to  the  works,  more  especially  when 
the  supply  of  power  is  obtained  from  an  independent 
source,  such  as  a  Municipal  Electricity  Department,  in 
which  case  no  anxiety  need  be  felt  with  regard 
to  an  increase  of  generating  plant,  with  its  attenSnt 
capital  outlay  rendered  necessary  by  an  increased 
demand. 

3.  Increased  Output  dt  the  Same  or  Less  Cost — It  is 
more  difficult  to  appreciate  the  manner  in  which  an  increased 
output  may  be  obtained,  but  there  has  been  considerable 
testimony  by  those  who  have  adopted  the  system;  not 
only  has  there  resulted  an  increased  output,  but  also  a  very 
important  reduction  in  cost  of  labour  in  the  handling  of 
materials,  due  to  the  better  arrangement  of  the  original 
machinery  and  the  utilisation  of  the  space  rendered  vacant 
by  the  greater  compactness  of  the  plant.  Such  economy  of 
space  is  considerable  and  important,  especially  where  exten- 
sions of  premises  cannot  be  obtained. 

As  motor-driven  machinery  may  be  fixed  in  the  most 
convenient  positions,  irrespective  of  the  direction  or  speed 
of  running,  it  is  found  that  machinery  can  be  better 
arranged,  as  regards  economy  of  space,  and  in  such  a 
manner  that  the  rehandling  of  materials  is  reduced  to  a 
minimum,  whilst  the  absence  of  overhead  shafting  and 
belting,  and  of  heavy  timbering  for  carrying  the  same, 
allows  of  much  better  lighting  and  cleanliness  generally,  as 
well  as  freer  space  for  the  removal  of  bulky  articles  from 
one  place  to  another.  The  floor  space,  which  under  other 
circumstances  would  be  required  for,  say,  a  steam  engine, 
may  accommodate  other  plant,  thus  directly  bringing 
about,  though  perhaps  in  a  lesser  degree,  the  increased 
output  which  would  indirectly  result  from  the  above 
causes. 

4.  Oreater  Immunity  from  Serious  Breakdovm. — 
Immunity  from  breakdown  is  of  great  importance,  since 
heavy  loss  and  inconvenience  occur  should  a  large  portion 
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or  the  whole  of  a  "  works "  be  stopped  owing  to  a  break- 
down of  the  main  engine.  This  risk  is  greatly  minimised 
by  the  use  of  independent  motors ;  in  the  event  of  a 
breakdown  occurring  on  one,  it  only  causes  a  stoppage  of 
that  portion  of  the  plant  which  it  drives.  Such  a  motor 
may  be  replaced  temporarily  or  otherwise  at  short  notice. 
In  practically  every  case  the  plant  used  by  the  Corporation 
for  supplying  energy  is  in  duplicate;  in  self-contained 
factories  the  provision  of  ample  spare  engine  power  entails 
a  large  capital  expenditure  and  the  occupation  of  valuable 
space,  which  might  be  more  advantageously  dealt  with. 
Great  care  should  be  exercised  in  the  arrangement  of  motors 
for  driving  a  factory,  as  the  choice  of  a  system  with  single 
motors  driving  separate  machines  or  of  group  driving,  that 
is  to  say,  the  driving  of  a  few  machines  in  immediate 
proximity  by  each  motor,  will  depend  upon  individual  cir- 
cumstances. The  cost  of  small  motors  (per  horse-power  of 
output)  is  considerably  greater  than  that  of  larger  motors, 
and  their  efficiency  is  not  so  high,  yet  it  often  happens  that, 
for  intermittent  work,  the  installation  of  small  motors  is 
the  more  economical  in  the  end.  In  most  cases  economy 
will  result  from  the  conversion  to  electric  driving  in  any 
existing  factory,  whilst  in  the  arrangement  of  many 
factories  electric  driving  will  be  found  to  bring 
about  most,  if  not  all,  of  the  advantages  above  enu- 
merated. 

Progress  of  the  UndeHaJcing. — An  indication  of  the 
progress  of  the  undertaking,  and  at  the  same  time  showing 
that  the  rate  of  progress  is  in  no  way  diminishing,  is  shown 
by  Table  LXIX.  It  will  be  noted  that  the  increase  in  the 
number  of  lamps  connected  has  been  greater  during  the 
year  1900-1  than  in  any  previous  year,  the  additions 
amounting  to  21,799  lamps,  the  greatest  number  added 
hitherto  having  been  17,801  lamps,  and  for  the  current 
year  this  maximum  rate  of  increase  was  nearly 
maintained,  being  19,400.  The  above  figures  apply  to 
lighting  alone.    As  there  are  many  districts  in  which  the 
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mains  have  not  yet  been  laid,  it  may  be  hoped  with  con- 
fidence that  the  rate  of  progress  will  be  maintained  for 
many  years  to  come,  more  especially  since  the  use  of  electric 
radiators  has  quite  recently  come  very  much  to  the  fore- 
The  most  rapid  progress,  however^  is  noticeable  in  connection 
with  the  motor  load.  During  the  first  few  years  the  prices 
charged  for  current  used  for  motors  were  excessive,  and 
retarded  the  progress,  but  the  charges  are  now  exceedingly 
low,  as  may  be  gathered  from  the  rapidity  with  which  the 
demand  is  now  increasing. 

The  schedules  of  the  terms  upon  which  electricity  is  sup- 
plied under  difierent  conditions  are  given  in  Tables  LXXI.  and 
LXXII.  Since  one  of  the  greatest  factors  in  the  cost  of  sup- 
plying electricity  is  that  of  meeting  the  capital  expenditure, 
special  terms  have  been  arranged  to  give  a  preference  to 
those  consumers  who  use  the  energy  during  times  when 
the  machinery  is  not  taxed  to  its  greatest  extent,  as  the 
revenue  from  such  is  not  attended  by  any  increase  of  capital 
for  additional  machinery.  Lighting  consumers,  who  use 
the  energy  during  hours  of  daylight  or  after  midnight, 
may  obtain  that  energy  at  a  cheaper  rate  than  those  who 
use  it  only  after  sunset. 

Consumers,  using  electrical  energy  for  motors  or  heating 
apparata  are  also  supplied  at  specially  low  rates,  since 
their  use  of  the  energy  is  quite  irrespective  of  the  hours  of 
darkness.  Their  demand  is  spread  over  many  hours  per 
day,  commencing  about  6  a.m.  and  extending  to  5  p.m.  or 
6  p.m.  and  even  later  throughout  the  whole  year.  The 
plant  for  generating  such  energy  is  therefore  earning 
revenue  during  8,  10,  or  even  12  hours  per  day,  whereas, 
when  supplying  light  alone,  the  demand,  when  averaged, 
only  amounts  to  about  two  hours  per  day  throughout  the 
whole  year. 

The  charge  for  current  for  power  and  heating  purposes 
was  reduced  to  1-^d.  per  unit,  less  discount,  on  October  1st, 
1900,  since  when  the  additional  connections  and  applications 
for  power  have  become  very  numerous, 
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The  following  table  shows  briefly  the  rate  of  progress : — 


Table 

LXX. 

Hone-power  of  motora 

Date. 

on 
oonsomer'B  premifles. 

March  25th,  1898 

•  •  •         •  • 

19 

yi                         lovv • 

V  •  «                    •  •  • 

60 

,}                 XcfUUo*       ••• 

•  •  •             •  •  • 

Ill 

,1                 XVl/^  •••       •■• 

•  ■  •           •  •  •           1 

877 

February,  1902     

•  •  ■             •  •  • 

719 

In  addition  to  the  above,  applications  have  been  received 
for  supply  to  460  horse-power  of  machinery,  which  will  be 
connected  up  within  the  next  month  or  two,  bringing  up 
the  total  to  1179  horse-power. 

Lighting  Rcites, — For  electricity  consumed  between  mid- 
night and  one  hour  before  sunset,  3|d.  per  B.O.T.  unit* ; 
for  electricity  consumed  at  other  hours,  5d.  per  unit.  Both 
rates  subject  to  the  following  scale  of  discounts  if  payment 
is  made  within  twenty-one  days  after  the  accounts  are 
rendered : — 


•  •  •        « • « 


«  •  •  a  •  • 


•  •  •  •  •  ■ 


•  •  •  •  •  • 
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In  Jane  and  September 
qnarten.  on  aoooonts  of 
not  less  than  the  follow- 
ingamonnts. 

£    8.    d. 

DiBoonntf. 
Percent. 

8    6    8     

...      6 

...       16  18    4     

...     10 

...      41  18    4     

...     16 

...       88    6    8     

...     20 

...     166  18    4     

...     25 

...    208    6    8    

...     27i 

...    250    0    0    

...    80 

In  March  and  December 

quarters,  on  acconnte  of 

not  leai  than  the  follow- 

ingamonnti. 

£    8.  d. 

16  18  4     ... 

88    6  8 

88  6  8 

166  18  4 

888  6  8 

416  18  4 

500  0  0 


Customers  consuming  current  at  two  or  more  premises 
ai*e  allowed  the  rate  of  discount  for  the  aggregate  amount 
of  their  lighting  accounts. 

*  This  rate  of  charge  is  only  applioable  where  the  consumer  hires  a 
special  appliance,  at  the  rate  of  58.  per  quarter,  which  appliance,  by  its 
automatic  action,  enables  the  current  to  be  charged  for  at  the  reduced 
rate  during  the  prescribed  hours. 
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Bates  for  Pmver  and  Beating  Pmyoaes. — l-J^.  per  unit, 
subject  to  the  following  scale  of  discounts,  if  payment  be 
made  within  twenty  -  one  days  after  the  account 
rendered : — 


IS 


Tablb  LXXII. 


Amoont  of  quarterly  aoooant. 

£. 
Not  less  iban    25 

50 

75   .. 
100 
125 
150 
160 

170  .. 
180 
190 
200 
220 
240 
260 
280 
800 

320  .. 
840  .. 
860  .. 
880  .. 
400  .. 
500 
600   .. 


Rxta  of  disooani. 
Per  centk 
2 

2i 
8* 
5 
6 

H 
8 

8i 

9 

10 

10^ 

11 

Hi 

12 

12i 

18 

18i 

14 

Ui 

15 

17* 

20 


Non  INGHAM. 

Duiing  the  past  seven  yeai*s  a  striking  development  of 
the  Nottingham  electricity  works  has  taken  place.  The 
original  station  has  been  doubled  in  size^  and  filled  with 
plant  having  a  capacity  of  1600  kilowatts,  while  the  pres- 
sure of  supply  has  been  raised  to  200  volts ;  a  new  building 
has  been  added  with  a  capacity  of  4000  kilowatts,  the  whole 
of  which  is  either  installed  or  in  course  of  delivery,  and 
an  entirely  new  station  is  about  to  be  erected^  having  a 
capacity  of  more  than  10,000  kilowatts. 
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The  older  portion  of  the  station  consists  of  a  boiler-house 
100ft.  long  by  47ft.  wide,  containing  eight  Lancashire 
boilers  by  Edwin  Danks  and  Co.  (Oldbury),  Limited,  and 
an  engine-room  80ft.  by  40ft.  containing  14  Siemens- 
Willans  steam  dynamos  of  sizes  from  50  to  250  kilowatts. 
The  dynamos  are  of  the  two-pole  drum  type,  with  smooth- 
core  armatures,  and  the  engines  are  of  Messrs.  Willans  and 
Robinson's  standard  patterns,  the  whole  being  characteristic 
of  station  practice  prior  to  the  introduction  of  large  units. 
There  is  a  three-wire  switchboard  at  each  end  of  the 
engine-room »  both  being  connected  together  and  to  the 
lighting  switchboard  in  the  new  engine-room. 

The  steam  range  forms  a  ring  main,  and  is  connected 
with  the  range  in  the  new  building. 

The  dynamos  are  all  of  Me&srs.  Siemens  Bros.'  multi- 
polar type,  driven  by  Willans  three-crank  compound  engines ; 
six  sets  are  in  full  running  order,  one  is  now  in  course 
of  erection,  and  two  more  are  due  for  deliveiy.  The 
first  four  sets  installed  are  intended  solely  for  li^t  and 
power  service.  The  engines  are  of  Messrs.  Willans  and 
Robinson  s  standard  3S  type,  compound  non-condensing, 
and  run  at  a  speed  of  300  revolutions  per  minute,  with  a 
steam  pressure  of  160  lb.  per  square  inch.  They  are  con- 
trolled by  throttle  govemors,and  driven  direct  from  the  shaft. 
The  dynamos  are  8-polar,  the  field-magnets  being  of  steel, 
cast  in  two  parts  with  the  division  on  the  horizontal 
diameter.  The  magnet  cores  are  cast  with  the  frame,  and 
are  circular  in  section ;  they  are  shunt  wound,  and  the  polar 
extensions  are  bolted  to  the  plane  ends  of  the  cores.  The 
edges  of  the  pole  tips  are  double  wedge-shaped,  so  that  the 
polar  arc  is  somewhat  greater  at  the  middle  of  the  armature 
than  at  either  end. 

The  armature  has  a  toothed  core,  with  a  massive  commu« 
tator,  and  weighs  about  9  tons;  this  mass,  revolving  at  300 
revolutions  per  minute,  renders  a  fly-wheel  superfluous,  its 
place  being  taken  by  a  comparatively  light  bearing  wheel, 
which  is  combined  with  the  flange  coupling. 
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The  commutator  end  bearing  is  provided  with  two  oil 
rings,  as  well  as  an  oil  way  for  extra  lubrication. 

The  brushes  are  of  carbon,  so  mounted  that  each  set  can 
be  raised  from  the  commutator  en  bloc  by  means  of  a  lever, 
and  any  one  brush  can  readily  be  replaced  or  adjusted ;  the 
brush-holder  carrier  ring  is  supported  on  six  rollers  carried 
by  the  magnet  frame,  and  is  rotated  with  a  tangent  screw. 
The  machines  run  without  sparking  at  loads  much  beyond 
their  rated  current,  and  have  given  great  satisfaction  in  all 
respects.  Their  normal  output  is  875  amperes  at  400 — 
460  volts,  but  they  are  frequently  run  at  950  amperes,  430 
volts. 

The  shunt  rheostat  is  mounted  at  the  side  of  the  machine, 
and  is  furnished  with  two  step  switches,  one  for  large 
variations  of  resistance,  the  other  for  the  finer  adjustment, 
so  as  to  obtain  a  wide  range  with  very  small  steps. 

The  main  terminals  of  the  machine  are  situated  at  the 
lowest  point  of  the  frame,  and  are  boxed  in;  a  short  stair- 
way on  each  sides  provides  access  to  them  and  to  the  under- 
side of  the  commutator. 

From  the  generators,  cables  are  taken  through  ducts  to  a 
subway  whidi  runs  along  the  whole  length  of  the  engine- 
room,  and  thence  to  the  lighting  switchboard. 

The  lighting  switchboard  consists  of  five  panels  of 
enamelled  slate,  fitted  with  apparatus  for  controlling  six 
feeders  and  six  dynamos  on  the  three-wire  system.  There 
are  three  bus  bars  traversing  the  whole  length  of  the  back 
of  the  board.  Two  of  these  are  connected  respectively  with 
the  two  switchboards  in  the  other  engine-room,  so  that  it  is 
possible  to  maintain  three  difierent  station  pressures^ 
should  this  be  necessary,  or  to  run  all  the  dynamos  in 
parallel.  Each  three- wire  feeder  has  a  650  ampere  meter 
and  duplex  fuse  on  each  pole,  and  is  conaected  with  a 
vertical  plug  bar  on  each  side  of  the  system ;  the  middle 
wire  is  coupled  to  the  neutral  bar  through  a  300-amp^re 
meter  and  fuse.  Each  dynamo  is  in  circuit  with  a  1200- 
amp^re  meter,  minimum  current  cut-out  and  fuse,  and  is 
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coupled  to  +  anil  —  vertical  plug  bars.  There  are  also 
two  dynamo  voltmeters  of  the  Weston  pattern,  and  on  the 
centre  panel  are  three  voltmeter  plug  boards,  an  earth-wire 
switch  and  fuse,  and  earth  current  ammeter.  Above  the 
board  are  two  station  voltmeters  reading  to  275  volts.  The 
dynamo  cables  are  brought  directly  up  the  back  of  the 
board,  while  the  feeders  pass  up  the  opposite  side  of  a 
subway,  overhead,  and  down  the  board  to  their  terminals, 
so  that  a  clear  passage  is  left  behind  the  switchboard. 

The  whole  of  this  apparatus,  with  the  exception  of  the 
two  voltmeters  mentioned  above,  is  of  Messrs.  Siemens 
Bros.'  make.    The  instruments  are  of  the  moving  cx)il  type. 

No  provision  is  made  on  this  board  for  balancing,  as 
is  done  on  the  older  boards. 

The  feeders  and  distributing  cables  are  all  of  Metisrs. 
Callender's  manufacture,  the  earlier  ones  insulated  with 
bitumen  and  drawn  into  bitumen  casing,  while  some  of  the 
later  ones  are  armoured  and  laid  direct.  No  failures  have 
occurred  on  any  of  the  cables  during  the  six  years  that  the 
station  has  been  in  operation,  with  the  exception  of  those 
caused  by  external  injury. 

The  distributing  network  is  abundantly  provided  with 
disconnecting  boxes,  also  of  Messrs.  Callender's  make. 

During  the  summer  of  1899  the  system  was  changed 
over  to  200  +  200  volts.  Practically  no  trouble  was 
experienced  with  objecting  consumers,  though,  as  in  all  such 
cases,  some  little  difficulty  was  occasioned  by  the  lack  of  a 
satisfactory  200-volt  arc  lamp. 

There  are  now  over  1500  consumers,  with  a  connection 
equivalent  to  127,000  8-candle  power  lamps,  in  addition  to 
a  total  motor  load  of  600  horse*power.  As  the  population 
of  Nottingham  is  upwards  of  250,000,  there  is  ample 
scope  for  future  development. 

The  tramway  generating  sets  are  generally  similar  to  the 
lighting  sets ;  the  engines,  however,  are  provided  with  auto- 
matic variable  cut-off  governors  in  addition  to  the  throttle 
governor,  so  as  to  secure  the  maximum  of  efficiency  and 
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regularity  with  the  fluctuating  load  of  the  tramways. 
The  dynamos,  also,  are  compound  wound ;  this  is  neatly 
accomplished  by  winding  a  small  series  coil  on  each  magnet 
core,  apart  from  the  shunt  coil,  and  joining  all  the  series 
coils  in  parallel  by  means  of  a  ring  of  light  copper  bars  at 
either  end  of  the  poles.  By  this  means  the  handling  of 
heavy  conductors  is  avoided. 

When  nine  cars  were  ininning  the  tachometer  showed  no 
variation  greater  than  five  revolutions  per  minute,  which  is 
less  than  2  per  cent,  and  there  was  no  other  indication  of 
load  on  the  machine.  The  economy  in  floor  space  and 
foundations  inherent  to  the  high-speed  type  of  plant  needs 
no  demonstration. 

There  are  two  tramway  generating  sets  in  full  running 
order,  and  a  third  is  now  in  course  of  erection. 

The  traction  switchboard  is  of  white  marble,  with  ten 
panels,  and  provides  for  three  dynamos^  six  feeders,  and  the 
Board  of  Trade  instruments.  Each  of  the  dynamo  panels 
is  equipped  with  a  large  automatic  circuit-breaker,  a  1000 
ampere  meter,  main  positive  switch,  shunt  switch,  and 
rheostat  Each  feeder  panel  bears  an  automatic  circuit- 
breaker,  Elliott  recording  ammeter  reading  to  300  amperes, 
single-pole  switch  and  fuse.  The  circuit  breakers  are  of 
simple  construction,  the  tripping  solenoid  in  the  dynamo 
circuit  consisting  of  a  mere  kink  in  the  heavy  copper 
conductor;  the  circuit  is  broken  on  carbon  plates  with  a 
long  break.  To  restore  the  circuit  after  a  cut-out,  a  long 
lever  is  provided,  extending  downwards  to  a  convenient 
position  for  handling,  and  the  breaker  can  be  tripped  at 
any  time  by  means  of  a  small  trigger.  The  fuses  in  the 
feeder  circuits  consist  of  four  wires  in  parallel,  laid  in 
grooves  in  a  slate  slab  about  1ft  long. 

The  Board  of  Trade  panel  bears  the  usual  Weston 
ammeters  for  earth  return  current  and  leakage  test, 
recording  earth  current  ammeter,  and  recording  voltmeter 
for  the  line  pressure  reading  from  350  to  650  volts.  There 
are  also  four  recording  voltmeters  for  the  drop  of  pressure 
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in  the  rails,  reading  to  10  volts.  The  indication  of  the  one 
at  present  in  use  averages  only  3  or  4  volts.  The  negative 
and  equaliser  switches  are  mounted  together  on  the  frames 
of  the  generators.  Behind  the  board  are  three  Siemens 
and  Halske  watt-hour  meters  in  series  with  the 
dynamos. 

The  whole  of  the  switchboard,  with  the  exception  of  the 
recording  instruments,  was  manufactured  by  Messrs. 
Siemens  Bras,  and  Co. 

The  Author  is  indebted  to  the  General  Electric  Company 
(1900),  Limited,  for  the  following  illustrations  of  the 
Fulham,  Ilford,  and  Wigan  Electricity  Works.  The  descrip- 
tions of  the  two  former  are  condensed  by  permission  from 
very  full  accounts  of  those  works  which  appeared  in  the 
EleetricdL  Revieio  of  February  15th  and  June  7th,  1901, 
respectively;  and  that  of  the  Wigan  works  from  the 
Electrical  Engineer  on  Februaiy  1st,  1901,  to  the  editors 
of  which  papers  the  author  desires  to  express  his  acknow- 
ledgments. 
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In  1895,  the  Borough  of  Fulham  appointed  Mr.  F.  H. 
Medhurst  to  report  as  to  the  erection  of  electricity  works 
combined  with  a  refuse  destructor,  and  in  accordance  with 
his  recommendations  it  was  decided  to  apply  for  an  electric 
lighting  Order,  which  was  obtained  in  1897,  and  in  1898 
Mr.  Medhurst  was  instructed  to  prepare  the  necessary  plans 
and  specifications  for  a  combined  scheme,  to  be  erected 
on  a  riverside  site,  which  the  Vestry  had  already 
acquired. 

In  view  of  the  growing  demand  throughout  the  country 
for  electric  light  and  power,  the  capacity  of  the  station  was 
increased  beyond  that  originally  proposed,  and  it  will  now 
supply  a  total  of  30,000  8-candle-power  lamps  connected  to 
the  mains,  exclusive  of  spare  plant. 
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The  capital  outlay  amounts  to  over  £100,000,  the 
following  contracts  being  let  for  the  work  : — 

Buildings,  oompriaing  destructor  house,  engine- 
room,  offices,  and  transformer  chambers,  also  a 
small  building  for  pubUo  disinfecting  purposes, 
F.  G.  Minter,  Westminster     JS22,970 

Refuse  destructor,  steam-raising  plant,  inclined 
roadway,  and  chinmey  shaft,  HorsfaJl  Destructor 
Company 16,760 

Generating  plant,  including  steam  pipes,  condensing 
plant,  mains,  &c.,  and  apparatus  for  the  above- 
mentioned  disinfector  building.  General  Electric 
Company,  Limited,  of  London  and  Manchester  ...     46,000 

Additional  contracts  for  the  supply  of  coal-handling 
plant,  meters,  well-sinking,  extra  foundations,  and  engineer- 
ing expenses  increase  the  total  to  £108,000. 

The  general  arrangement  of  the  buildings  will  be  seen  in 
the  plan  shown  in  Fig.  200. 

Substantial  construction  and  due  provision  for  light  and 
ventilation  have  been  aimed  at,  with  considerable  success. 
Externally  the  buildings  are  of  red  brick,  with  relieving  bands 
of  white  Suffolk  brick.  In  addition  to  the  usual  offices,  a 
testing-room  is  provided  on  the  first  floor,  and  on  the  ground 
floor  there  are  stores,  a  meter-testing  room,  workshops  for 
light  work  and  repairs,  water-softening  and  filtering 
room,  with  the  well-pump  driving  gear.  Beneath  this 
block  of  offices  is  also  the  pump-room,  both  the  latter 
rooms  being  reached  from  the  engine-room.  Access  to  the 
offices  is  from  outside. 

The  destructor  and  boiler-house  is  a  lofty  building,  35ft. 
high  to  the  springing  of  the  roof,  137ft.  in  length,  and  87ft. 
wide.  It  contains  twelve  destructor  cells,  arranged  in  two 
groups  of  six  each  on  either  side  of  six  Babcock  and  Wilcox 
boilers,  and  are  capable  of  efficiently  destroying  1 20  tons 
of  refuse  in  twenty-four  hours. 

Over  the  boiler-firing  floor,  and  extending  from  end  to 
end  of  the  building,  is  the  tipping  floor,  which  is  arranged 
to  allow  of  the  storage  of  a  considerable  quantity  of  refuse, 
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»o  that  the  working  of  the  plant  may  be  continued  without 
interruption.  Access  to  the  tipping  floor  is  obtained  by 
means  of  an  inclined  roadway,  having  a  gradient  of  about 
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1  in  li,  at  the  foot  of  which  there  is  a  weighbridge  and 
house. 

The  engineer  estimates  that  about  40,000  tons  of  refuse 
will  be  passed  through  the  destructor  per  annum,  and  placea 
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its  calorific  value  at  one-twentieth  that  of  good  steam  coal. 
The  Borough  Council,  therefore,  expects  to  save  the  cost  of 
2000  tons  of  coal  per  annum. 

A  gallery  runs  round  two  sides  of  the  room  and  carries 
the  main  switchboards  and  a  switchboard  attendant's  office, 
space  being  leftat  one  end  of  the  roomforanadditional  engine 
and  dynamo.  Two  entrances  to  the  destructor  house  are 
provided  from  the  engine-room,  one  from  the  gallery  and 
one  from  the  floor,  and  these  are  carefully  protected  by 
double  doors  and  glazed  screens  with  the  object  of  exclud- 
ing dust. 

The  steam  alternators  are  three  in  number,  each  set  con- 
sisting of  a  two-phase  generator  of  the  fly-wheel  type 
coupled  direct  to  a  horizontal  compound  condensing  engine. 
The  engines  are  of  the  low-speed  Corliss  type,  made  by 
Messi-s.  J.  Musgrave  and  Sons,  Limited,  of  Bolton,  and  each 
is  capable  of  giving  450  brake  horse-power  when  supplied 
with  steam  at  a  pressure  of  130  lb.  per  square  inch  at  the 
engine  stop  valve,  and  with  a  vacuum  of  24in.  of  mercury 
in  the  exhaust  pipe. 

The  governor  is  capable  of  controlling  the  speed  of  the 
engine  within  3  per  cent,  from  no  load  to  full  load,  and  is 
provided  with  means  of  adjustment  to  vary  the  speed  5  per 
cent,  about  the  mean  speed  whilst  running. 

The  three  two-phase  generators  were  constructed  by  the 
General  ElectricCompany,Limited,at  their  Afanchesterworks. 
Each  generator  (Fig.  202)  is  capable  of  giving  a  normal  out- 
put of  300  kilowatts,  each  of  the  two  sets  of  coils  being 
capable  of  giving  150  kilowatts  at  all  pressures  from  2800 
to  3000  volts  at  the  terminals  of  the  machines.  The 
machines  will  also  give  an  overload  of  3S0  kilowatts  con- 
tinuously for  two  hours.  The  speed  is  937  revolutions  per 
minute,  and  the  frequency  50  cycles  per  second. 

The  energy  stored  in  the  fly-wheel  when  running  at  its 
normal  speed  is  1,800,000  foot-pounds. 

The  field  magnet  poles  with  their  windings  are  fixed  on 
the  periphery  of  the  fly-wheel.    The  poles  are  laminated, 
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riveted  together,  and  fixed  to  the  fly-wheel  rim  by  means  of 
steel  wedges,  the  latter  being  securely  fastened  to  the  fly- 
wheel by  strong  bolts  passing  through  its  rim. 

There  are  64  laminated  poles  on  each  fly-wheel,  wound 
with  round  copper  wire,  the  exciting  current  being  brought 
to  them  through  two  slip  rings.  The  diameter  over  the 
poles  is  about  J  4ft.  The  necessary  current  for  exciting  the 
field  coils  is  obtained  from  the  continuous-current  dynamos 
driven  by  high-speed  engines  mentioned  below. 

On  the  inner  circumference  of  the  stationary  armature 
are  spaced  256  slots  which  carry  the  copper  windings. 
These  windings  are  arranged  to  form  two  circuits,  one  for 
each  phase.  The  windings  of  the  one  circuit  have  straight 
ends,  whilst  those  for  the  other  circuit  have  bent  ends,  as  is 
the  usual  practice.  The  insulation  between  the  coils  and 
the  iron  frame  is  efficiently  effected  by  mica  tubes,  and  the 
coils  are  fastened  securely  in  the  slots  by  means  of  strong 
fibre  wedges. 

The  four  ends  of  the  two  series  of  windings  are  brought 
out  to  terminals,  from  which  the  current  is  carried  to  the 
switchboard  for  distribution  to  the  various  circuits. 

There  are  three  continuous-current  dynamos  (Fig.  203), 
which  were  also  made  by  the  General  Electric  Company,  Ltd., 
for  exciting  and  other  purposes.  Each  is  capable  of  giving  an 
output  of  600  ampferes  at  100  to  110  volts,  at  a  speed  of 
460  revolutions  per  minute,  and  each  is  direct-coupled  on 
one  bed-plate  to  a  high-speed  enclosed-type  compound  engine 
of  Messrs.  Musgrave's  make.  They  supply  not  only  the 
necessary  current  for  exciting  the  field  magnet  circuits  of 
the  three  large  generators,  but  also  the  various  electric 
motors  which  are  used  for  driving  the  condensing  plant, 
economisers,  and  stokers.  They  also  supply  the  necessary 
power  for  lighting  the  buildings  and  inclined  roadway  by 
arc  and  incandescent  lamps.  Either  of  the  three  dynamos 
is,  of  course,  far  more  than  capable  of  supplying  the  current 
required  for  the  three  generators.  The  dynamos  are  shunt- 
wound,  having  four  poles  with  cast  steel  yokes,  whilst  the 
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armatures  are  of  the  slotted  type,  with  former-wound 
coils  placed  in  the  slots.  The  commutator  is  built  up  of 
hard-drawn  copper,  fitted  with  carbon  brushes,  and  conforms 
to  the  usual  specification  as  to  temperature  and  fixed  posi- 
tion of  brushes. 

Three  Ferranti  rectifiers  of  the  latest  type  are  placed  in 
one  comer  of  the  room,  with  provision  for  a  fourth,  for 
supplying  the  public  lighting  circuits.  The  switchboard  in 
connection  with  these  is  fixed  on  the  wall  beside  the  recti- 
fiers. It  is  arranged  for  three  circuits,  any  one  of  which 
can  be  fed  from  any  one  of  the  rectifiers. 

The  switchboard  (Fig.  204)  for  controlling  the  distributing 
circuits  and  alternators  is  fixed  on  a  gallery  10ft.  above  the 
floor  level,  so  as  to  enable  the  engineer  in  charge  to  have  a  full 
view  of  the  machinery  in  operation  below.  The  board, 
which  is  of  the  Ferranti  type,  is  divided  into  fifteen  panels, 
six  of  which  are  allotted  to  the  generators,  six  to  the  feeders, 
two  for  the  rectifiers,  and  one  for  a  testing  circuit. 

The  low-pressure  board,  which  is  also  on  the  gallery,  is 
provided  with  the  usual  instruments,  switches,  and  shunt 
regulators  for  the  three  GO-kilowatt  dynamos  above  men- 
tioned, and  with  switches  and  fuses  for  controlling  the  various 
motors  in  the  building  and  the  lighting  of  the  station. 

All  the  principal  coimections  between  the  switchboards 
and  machines  are  run  beneath  the  fioor  level,  and  are 
rubber  insulated,  and,  in  the  case  of  the  high-pressure 
cables,  lead-covered. 

With  the  exception  of  the  offices,  the  cables  for  station 
lighting  are  carried  in  water-tight  "Simplex"  steel  conduits. 
There  are  six  distribution  boards,  to  which  the  current  is 
transmitted  from  the  works  lighting-board,  which  is  placed 
under  the  switchboard  gallery  in  the  engine-room. 

The  cables  for  public  and  private  lighting  purposes  were 
supplied  by  the  British  Insulated  Wire  Company,  Limited, 
and  are  concentric,  lead-covered,  yarned  outside,  and  com- 
pounded. They  are  drawn  into  Doulton  conduits  under 
the  footpaths,  and  into  cast  iron  pipes  under  roadways.    At 
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road  crossings,  however,  wrought  iron  pipes,  embedded  in 
concrete,  have  been  used,  special  reducing  pieces  of  Doulton 
ware  being  employed  for  gradually  changing  the  shape  of 
the  ducts  from  the  square  form  of  the  Doulton  conduit  to 
the  round  form  of  the  iron  pipes.  High-pressure  feeders 
for  both  phases  run  from  the  generating  station  to  the  sub- 
stations, where  the  pressure  is  reduced  from  2800  volts  to 
200  volts  by  stationary  transformers ;  two- wire  distributors 
radiate  from  the  sub-stations,  the  two  phases  being  run  on 
either  side  of  the  street.  The  two  phases  will  therefore  be 
available  everywhere  where  power  is  required  for  motors. 

In  addition  to  the  above,  two  circuits  of  single  cable  run 
through  the  principal  streets  for  public  arc-lighting,  which 
is  described  later  on. 

There  are  at  present  five  sub-stations,  each  of  which  con 
tains  two  50-kilowatt  transformers,  one  for  each  phase. 
The  high-pressure  windings  on  these  transformers  are  con- 
nected up  to  the  feeders  through  quick -break  fly-oflf 
switches  and  fuses,  while  the  low-pressure  sides  are  con- 
nected up  to  the  distributors  through  removable  spring 
contact  fuses. 

The  switching  arrangements,  as  well  as  the  transformers, 
are  placed  in  water-tight  cases ;  all  ironwork  is  earthed, 
and  a  Cardew  earthing  device  is  fitted  to  each  transformer. 
Due  provision  has  been  made  for  ventilating  the  sub- 
stations, which  are  lighted  with  incandescent  lamps 
supplied  from  the  low-pressure  bars  in  the  switch  boxes. 
The  chambers  are  all  lined  throughout  with  white  glazed 
bricks. 

With  the  exception  of  the  refuse  destructors  and  Bab- 
cock- Wilcox  boilers,  which  were  supplied  under  the 
Horsfall  Company's  contract,  and  the  artesian  well  by 
Messrs.  Potter  and  Co.  the  General  Electric  Com- 
pany, Limited,  as  contractors,  have  been  responsible  for  the 
whole  of  the  machinery  and  plant  so  far  described. 

The  public  lighting  consists  of  eighty-six  arc  lamps, 
carried  on  posts  of  ornamental  design  bearing  the  borough 
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arms,  and  run  in  two  circuits  with  about  half  the  number 
on  each.  The  lamps  are  12-ampfere  32-hour  double  carbon 
lamps  of  the  General  Electric  Company's  standard  type, 
fixed  about  25ft.  from  the  ground.  Brackets  are  also  pro- 
vided on  each  post  for  two  32  candle-power  incandescent 


lamps,  which  are  automatically  switched  on  when  the  arc 
lamps  are  switched  of!  ot  fail. 

The  Edmunds  switch,  recently  re-designed  and  improved, 
is  employed  for  this  purpose,  and  is  fixed  in  the  base  of 
each  lamp-post. 

The  lamps  are  supplied  with  current  through  the 
rectifiers  at  the  generating  station,  and  the  two  circuits 
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have  been  so  arranged  that,  in  the  event  of  one  circuit 
failing,  the  street  lighting  would  only  be  reduced  by  one- 
half,  and  no  district  would  be  placed  in  darkness. 

Private  consumers  are  supplied  at  a  pressure  of  200  volts, 
while  for  motors  both  single-phase  and  two-phase  supplies 
are  provided. 

The  charge  for  lighting  purposes  is  5d.  per  unit,  and  for 
motive  power  2Jd.  per  unit  during  the  hours  of  daylight. 
No  meter  rent  will  be  charged. 

No  "  free  wiring  "  contract  has  been  entered  into,  but  it 
is  satisfactory  to  note  that  the  number  of  applications  for 
supply  already  amount  to  an  equivalent  of  some  10,000 
8  candle-power  lamps. 

The  writer  acknowledges  his  indebtedness  to  Mr.  Med- 
hurst  and  to  Mr.  R  F.  Ferguson,  chief  engineer  and  manager, 
as  also  to  the  various  contractors,  for  the  information 
embodied  in  the  foregoing  description. 
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the  Urban  District  Council  of  Ilford  has  for  some  time 
past  been  engaged  upon  a  large  combined  electric  lighting 
and  traction  scheme,  for  which  Mr.  W.  C.  Hawtayne  has 
acted  as  consulting  engineer,  Mr.  A.  H.  Shaw,  A.M.I.E.E., 
being  the  resident  electrical  engineer.  The  lighting  part  of 
the  undertaking,  upon  which  some  £60,000  have  been 
expended,  is  now  completed. 

In  the  High-road  the  central  arc  lamp  steel  pillars  carry 
the  trolley  cross-arms.  The  necessary  switch  gear  for  these 
columns  13  contained  in  the  cast  iron  bases.  Arc  lamp 
columns  are  also  in  position  in  Oranbrook-road,  these  being 
of  cast  iron,  and  the  lamps  of  1500  candle-power.  In  all 
cases  the  arc  pillars  are  fitted  with  a  couple  of  incandescent 
lamps  for  switching  on  at  midnight.  The  remaining  streets 
in  the  lighting  area  are  being  rapidly  provided  with  new  lamp 
columns,  equipped  with  incandescent  electric  lamps,  and 
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these  will  soon  render  the  old  gas  lamps  unnecessary. 
About  300  standards  have  been  erected,  and  36,000  yards 
of  separate  cables  laid,  enabling  the  whole  of  the  lamps  to 
be  switched  on  or  off  from  nine  special  pillars. 

The  position  of  the  generating  station  is  a  little 
over  a  mile  from  the  railway  station  and  the  central 
streets. 

A  very  large  plot  of  land  has  been  purchased  by 
the  Council  in  order  to  accommodate  lighting  station,  car 
sheds,  workshops,  &c.  The  buildings  were  designed  by 
Mr.  H.  Shaw,  the  surveyor  to  the  Council,  and  are  light 
and  roomy.  Ample  space  is  left  in  the  engine  and  boiler- 
houses  for  additional  machinery,  all  necessary  safety, 
isolating,  and  other  valves.  Superheaters  are  provided 
with  each  boiler  to  ensure  dry  steam  being  supplied  to  the 
engines.  There  are  two  feed-pumps,  each  capable  of 
supplying  2000  gallons  of  water  per  hour,  one  being  a  steam 
pump  and  the  other  a  motor-driven  pump,  which  can  be 
worked  from  the  storage  battery  if  necassary.  In  the  main 
flue  leading  to  the  chimney  shaft,  a  Green's  economiser  is 
provided  for  raising  the  temperature  of  the  feed- water  by 
means  of  the  waste  gases  escaping  up  the  shaft.  The 
steam  pipes  are  of  lap-welded  mild  steel  with  wrought 
steel  flanges,  and  the  exhaust  pipes  are  of  cast  iron.  A 
2000  gallons  wrought  iron  feed  tank  is  also  in  use,  and  a 
well  is  now  being  sunk  to  provide  the  whole  of  the  water 
required  for  the  works. 

There  are  two  200-kilowatt  Byng-Hawkins  dynamos  and 
one  100-kilowatt  ditto,  supplied  by  the  General  Electric 
Company,  Ltd.,  each  being  direct  coupled  to  Willans  enclosed 
high-speed  engines  (Fig.  205).  The  large  sets  run  at  360 
revolutions  per  minute,  and  the  small  one  at  450  revolutions 
per  minute.  Each  is  capable  of  giving  an  emergency  load 
of  25  per  cent,  in  excess  of  the  normal  full  load  for  one 
hour.  In  view  of  the  running  of  electric  tramways  shortly, 
the  dynamos  are  designed  for  either  traction  or  lighting 
work.    It  is  likely  that  additional  sets  of  about  500  kilo- 
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watts  will  be  installed  when  the  tramiYay  plant  is  put 
down. 

A  set  of  four  balancing  motor«generators  and  boosters, 
have  also  been  furnished  by  the  General  Electric 
Company,  Limited.  Their  object  is  to  raise  the  pres- 
sure of  the  principal  machines  for  charging  the  battery 
and  for  regulating  pressure  at  all  points  on  the  supply 
mains.  The  battery  is  of  the  E.P.S.  type,  and  has  a  capacity 
of  600  ampfere-hours  when  discharged  at  the  rate  of 
200  amperes  for  three  hours. 

The  switchboard  was  designed  by  Messrs.  Kelvin  and  James 
White,  Limited,  and  is  built  up  in  panels  of  polished  marble, 
and  provided  with  all  the  makers'  latest  improvements  in 
switches,  cut-out,  and  regulating  gear,  and  also  a  complete 
set  of  instruments,  by  which  the  output  of  each  machine 
and  the  load  on  all  parts  of  the  system  is  measured  and 
recorded. 

The  15-ton  overhead  travelling  crane  erected  in  the 
engine-room  was  made  by  the  Southgate  Engineering 
Company. 

The  feeder  cables  run  from  the  generating  station  out  to 
a  number  of  diflerent  points,  and  at  the  distributing  points 
feeds  the  cables  at  the  supply  pressure,  which  is  230  volts 
at  consumers'  terminals.  Pilot  wires  are  laid  from  each 
feeding  point  to  the  station.  The  feeders,  distributors,  and 
service  lines  were  all  supplied  by  Messrs.  W.  T.  Henley's 
Telegraph  Works  Company. 

The  feeder  cables  are  armoured  concentric  cables  laid 
fiirect  in  the  ground ;  the  distributing  cables  consist  of 
three  separate  cables  laid  in  a  wooden  trough  filled  in  with 
bitumen. 

The  service  cables  consist  of  two  or  three  cables 
bound  together  armoured  and  laid  direct  in  the  ground. 
Considerable  additions  have  been  made  to  the  mains  first 
provided,  and  the  work  now  completed  or  contemplated 
includes  approximately  17,800  yards  of  feeders,  17,800  yards 
of  pilot  wire,  and  30,000  yards  of  distributors. 
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WiGAN. 

The  history  of  the  electric  lighting  at  Wigan  goes  back 
to  1890,  when  a  Provisional  Order  was  obtained  from  the 
Board  of  Trade.  As  was  the  case  in  a  number  of  Orders 
granted  in  the  earlier  days,  the  town  was  anxious  to  keep 
the  matter  in  their  own  hands,  but  had  not  sufficient  con- 
fidence in  the  financial  prospects  of  municipal  electric  light- 
ing to  carry  out  the  scheme  immediately  their  Order  was 
obtained.  The  matter  was  considered  again  in  1896,  and 
again  in  1897,  without  any  conclusion  being  come  to. 

In  1899  Mr.  H.  CoUings  Bishop  was  appointed  to  the 
post  of  electrical  engineer,  and  promptly  drafted  a  scheme 
for  which  powers  were  obtained  to  borrow  £85,000,  and  the 
work  was  put  in  hand.  The  foundation  stone  of  the 
buildings  was  laid  on  January  4th,  1900,  and  the  works 
commenced  to  supply  on  December  I7th.  In  order, 
however,  to  get  together  a  certain  number  of  consumers, 
a  small  temporary  plant  was  put  down,  which  supplied 
some  2000  8-candle-power  lamps  on  the  two-wire  system. 
This  plant  was  put  to  work  by  Mr.  Bishop  in  December, 
1899,  and  it  has  done  much  to  enable  the  larger  works  to 
start  with  a  good  working  load.  The  lamps  were  changed 
over  from  the  two  to  a  three-wire  system  as  soon  as  the 
permanent  works  were  completed. 

Engvaes  and  dynamos, — The  generating  plant  consists 
of  four  engines  made  by  Messrs.  Willans  and  Robinson, 
while  the  dynamos  were  supplied  by  the  General  Electric 
Company.  The  two  large  engines  are  of  the  Willans  3-1 
type,  with  three  lines  of  cylinders  and  three  cranks  at  right 
angles.  Each  of  these  engines  is  capable  of  developing 
336  horse-power  when  running  at  a  speed  of  350  -revolu- 
tions per  minute  with  160  lb.  of  steam  at  the  stop  valve. 
The  two  smaller  engines  indicate  240  horse-power  at  380 
revolutions.  The  above  are  at  ordinary  full  load,  as  the 
engines  will  give  an  overload  of  10  per  cent  The 
governors  are  of  the  automatic  expansion  type,  specially 
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designed  to  enable  the  engines  to  respond  quickly  to  the 
changes  of  load  due  to  the  tramways.  The  centrifugal 
governors  actuate  a  relay  which  quickly  moves  the  levers 
vaiying  the  cut-off  in  each  line  of  cylinders. 

The  dynamos  of  the  General  Electric  Company's  six-pole 
type  were  all  manufactured  in  their  Manchester  workshops. 
The  duty  of  the  larger  dynamos  is  420  amperes  at  any 
voltage  from  460  to  500  on  lighting  load,  and  500  to  550 
volts,  300  amperes,  on  traction  load.  The  smaller  sets  on 
lighting  load  are  made  for  460  to  500  volts,  300  amperes, 
and  on  traction  load  500  to  550  volts,  215  amperes.  These 
dynamos  can  be  overloaded  10  per  cent,  on  lighting  load 
and  25  per  cent,  on  traction  load.  The  machines  are  over- 
compounded  for  traction  work,  the  compounding  being  cut 
out  for  lighting  service.  The  magnet  frames  of  the 
generators  are  divided  on  the  horizontal  diameter,  and  the 
larger  sets  especially  have  very  light  fields  and  yokes,  much 
resembling  the  American  type.  The  pole-pieces  and  field 
coils  are  of  cylindrical  shape.  The  armatures  are  of  the 
fly-wheel  type,  of  large  diameter,  with  slotted  cores.  The 
carbon  brushes  can  be  retained  in  a  fixed  position,  and  run 
sparklessly  from  no  load  to  25  per  cent,  overload. 

AccumvZatora. — The  battery  was  manufactured  by  the 
Electrical  Power  Storage  Company,  Limited,  and  consists 
of  280  cells  in  wood  lead-lined  boxes,  each  cell  containing 
15  plates  erected  on  single-tier  stands,  and  is  capable  of 
discharging  at  75  amperes  for  ten  hours,  or  150  amp^s  for 
four  hours,  or  300  amperes  for  one  hour,  the  final  electro- 
motive force  at  the  end  of  any  of  these  dischai^es  not  to 
be  less  than  525  volts.  The  first  half  of  this  battery  was 
erected  in  a  temporary  battery  room,  but  it  has 
since  been  taken  to  the  permanent  electric  lighting 
station,  and  the  remaining  half  of  the  battery  erected  with 
it.  There  are  two  floor  levels  in  the  accimiulator-room. 
The  upper  floor,  which  is  only  partially  boarded  over,  is 
carried  on  iron  girders,  and  is  reached  by  a  staircase  from 
the  ground  floor.    The  cables  to  these  accumulators  are  all 
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of  the  rubber-covered  type,  and  are  laid  in  wooden  casing 
which  is  filled  up  with  bitumen.  This  gives  a  secure  pro- 
tection against  the  fumes  from  the  acid.  The  charging  of 
the  battery  is  eflFected  on  somewhat  novel  lines.  The  pro- 
cedure is  as  follows: — The  battery  is  put  across  the  Tbus 
bars,  and  the  number  of  cells  reduced  until  charging  takes 
place.  The  cells  so  cut  out  of  circuit  are  charged  inde- 
pendently by  a  small  motor-driven  dynamo. 

The  arrangement  of  the  subsidiary  electrical  apparatus 
in  the  station  is  decidedly  novel.  Mr.  Bishop  has 
elected  to  use  only  two-wire  feeders  throughout,  and  to 
distribute  his  balancing  machines  in  various  parts  of 
the  network.  The  third  wire  of  the  system  is,  however, 
brought  back  into  the  station,  and  two  of  these  balancing 
machines  are  fixed  in  the  main  engine-room.  Another 
point  of  novelty  in  central  station  work  is  that  there  is  no 
provision  made  on  the  switchboard  for  supplying  difierent 
voltages  to  difierent  feeders.  Thus  there  is  only  a  pair  of 
lighting  *bus  bars — i.e.,  one  positive  bar  and  one  negative 
bar.  In  order,  then,  to  be  able  to  run  at  a  common  voltage 
in  the  station  for  both  long  and  short  feeders,  provision  is 
made  for  inserting  boosters  in  the  feeders  which  go  to  the 
more  distant  parts  of  the  town.  The  balancing  machines 
are  of  the  General  Electric  Company's  standard  four-pole 
type,  with  a  single  field  magnet  and  a  double-wound  arma- 
ture. Each  side  is  capable  of  transferring  to  the  opposite 
side  of  the  three-wire  system  50  amperes  at  230  volts.  It 
will  thus  be  seen  that  each  of  the  balancers  can  compensate 
for  100  amperes  out-of-balance  current  in  the  system.  The 
machines  run  at  a  speed  of  1100  revolutions  per  minute. 
Seven  of  these  balancers  are  employed.  Two  of  these 
are  fixed  in  the  central  station,  while  the  other  five 
are  placed  in  sub-stations  constructed  in  various  parts 
of  the  town.  The  boosters  are  placed  in  the  engine- 
room,  space  having  been  found  for  them  under  the 
switchboard  gallery.  The  dynamo  is  capable  of  passing 
a  current  of  500  volts,  and  of  adding  20  volts  to  the 
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electromotive  force.  The  dynamo  armature  is  duplex 
wound — that  is  to  say,  there  are  two  distinct  windings  in 
parallel.  This  construction  does  much  to  enable  the 
machine  to  run  smoothly  in  spite  of  heavy  currents  being 
passed  through  its  armature  while  the  field  is  only  a  little 
excited.  The  field  magnets  of  this  booster  dynamo  are 
wound  with  a  heavy  conductor,  through  which  the  current 
to  the  feeder  passes.  In  this  way  the  electromotive  force 
added  is  practically  proportional  to  the  current  in  the 
feeder,  and  also  to  the  drop  in  the  feeder.  The  regulati(m 
of  the  boosting  is  arranged  for  by  inserting  a  low-resistance 
shunt  across  the  terminals  of  the  field  winding.  The  switch 
gear  for  introducing  the  booster  dynamo  into  a  feeder 
circuit  is  a  most  ingenious  one,  and  was  designed  for  the 
purpose  by  the  General  Electric  Company.  It  is  so 
arranged  that  a  series  of  resistances  across  the  field- mag- 
net winding  that  the  armature  is  cut  into  the  feeder 
circuit  when  it  is  generating  only  about  two  volts.  The 
resistance  is  then  increased  until  the  required  boosting 
voltage  for  the  current  going  through  the  booster  is 
obtained.  The  machine  is  then  practically  automatic,  but 
it  can  be  further  regulated  by  altering  the  resistance  in  the 
shunt  in  the  driving  motor.  This  motor  is  supplied  at 
460  volts  from  the  lighting  'bus  bars,  and  its  normal  speed 
is  900  revolutions  per  minute.  On  trial  it  was  found  that 
this  10-kilowatt  motor-driven  booster  had  a  combined 
efficiency  of  74  per  cent. 

Mains. — All  the  cables,  both  for  the  feeders  and  dis- 
tributors which  were  used  at  Wigan,  were  supplied  by 
Messrs.  W.  T.  Glover  and  Co.,  of  Manchester.  Five  feeders 
are  at  present  laid,  each  consisting  of  a  concentric  cable 
with  a  Jin.  section  of  copper  in  each  conductor.  The  three- 
wire  distributing  system  for  the  lighting  and  power  circuits 
consists  of  three  conductors  with  sectional  areas  respectively 
of  '2,  '1,  and  '2  square  inch,  the  whole  of  which,  for  both 
lighting  and  traction,  and  also  the  distributors,  are  drawn 
into  earthenware  conduits  of  the  Doulton  type. 
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From  various  points  on  the  system  three-core  pilot  wires 
are  brought  back  to  the  station,  so  that  observations  can 
be  made  on  voltmeters  there  of  the  actual  pressure  on  prac- 
tically any  part  of  the  distributing  system.  These  three- 
core  pilot  cables  are  also  protected  in  the  same  way  by 
being  drawn  into  earthenware  conduits. 

The  electrical  energy  sold  for  lighting  is  charged  on  the 
Brighton  system,  viz.,  7d.  per  unit  for  the  first  hour  per  day 
average  use  of  the  maximum  output  demanded.  Any 
energy  consumed  above  this  quantity  is  charged  at  2d. 
per  unit.  The  motora  are  also  supplied  on  a  sliding  scale, 
which  is  as  follows : — For  an  average  use  at  full  load  of  under 
one  hour  per  day,  2d.  per  unit.  Where  the  average  use  per 
day  is  between  one  hour  and  five  hours,  the  charge  is  Ifd., 
whereas  the  charge  is  still  further  reduced  to  Id.  per  unit 
if  the  average  use  per  day  comes  out  between  eight  and 
twelve  hours.  The  last  stage  in  the  scale  provides  that  any 
consumer  using  his  motors  night  and  day  throughout  the 
year  will  only  be  charged  f  d.  per  unit.  Some  6000  eight- 
candle-power  lamps  are  now  connected  to  the  mains,  and 
many  more  are  applied  for. 

BaTTERSEA. — ARC  LAMPS. 

The  Angold  Arc  Lamps  (Fig.  206). — The  Angold  arc 
lamps  used  in  the  Borough  of  Battersea  were  manufactured 
at  the  Manchester  Works  of  the  General  Electric  CJompany 
(1900),  Limited.  The  lamps  themselves  and  their  acces- 
sories embody  several  novelties  and  improvements, 
partly  suggested  by  the  Consulting  Engineers,  Messrs. 
Kennedy  and  Jenkin,  and  partly  the  result  of  the  firm's 
experience. 

The  lamps  are  divided  into  twenty-four  circuits  of  tenin 
series,  across  the  outers  of  the  460  volt  lighting  mains. 
They  are  of  the  10  ampere,  18-hour  single  carbon  Angold 
improved  type,  their  general  appearance  being  shown  in 
Fig.  206. 
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The  case  is  thoroughly  weatherproof,  each  section  fitting 
tightly  into  the  one  above ;  the  leads  pass  into  the  lamp 
at  the  top  through  special  leading-in  tubes,  and  go  right 
down  to  the  terminals  on  the  underside  of  the  lamp  base 
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without  breaking  into  the  mechanism  chamber.  The 
latter  is  thiLS  kept  air-tight  at  the  top,  and  the  heated 
gases  from  the  arc  are  prevented  from  passing  through  the 
chamber  and  depositing  dust  on  the  working  parts.  The 
leads  can  be  disconnected  and  withdrawn  without  removing 
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the  case  of  the  lamp  or  unthreading  them  from  the  ctured 
leading-in  tubes.  The  case  is  entirely  insulated  from  the 
current-carrying  parts,  and  the  globe  slides  on  insulated 
rods,  so  that  the  lamp  can  quite  safely  be  handled  without 
danger  from  shocks. 

The    carbon    holders    are    both    on    a    ball-and-socket 
principle,   so   that    they    can    be    brought  into   line   and 
aftem'ards  clamped  up,  when  they  remun  a 
fixture. 

In  order  to  reduce  friction  to  a  minimum, 
the  solenoid  cores  and  main  levers  are  all 
arranged  to  work  on  knife  edges.  All  moving 
parts  are  made  as  light  as  possible,  and  are 
checked  with  a  strong  dashpot  in  order  to  get 
a  steady  start  with  a  minimum  of  line  resist- 
ance. Side  pull — due  to  mutual  attraction 
and  repulsion  of  the  cores,  and  found  in  most 
arc  lamps — is  entirely  eliminated,  the  mag- 
netism from  the  cores  being  so  controlled  that  ' 
a  parallel  field  is  produced. 

Although  many  lamp  makers  have  discarded 
rubber  pads  for  the  brake-band  on  account  of 
the  frequent    regulation  necessitated  by  the 
wear  and  consequent  alteration  of  the  "  feed- 
ing point,"  and  have  used  metal  brakes  which 
do  not  give  such  a  steady  feed  as  rubber  does, 
the  patent  arrangement  for  compensating  the 
wear  of  rubber  as  employed  in  these  lamps, 
completely   overcomes    the    above-mentioned 
trouble.     A  brake-drum    carries  a  band   furnished   with 
rubber  pads,  one  end  of  which  is  attached  to  a  pulley  eon- 
trolled  by  a  spiral  spring  in  tension,  and  the  other  end  is 
hooked  on  to  the  rocking  frame  controlled  by  the  two  cores. 
The  tension  of  the  spring  keeps  the  brake  in  action,  and 
compensates  all  the  wear  by  taking  up  the  slack  and  main- 
taining the  position  of  the  band  relatively  to  the  drum. 
A   JMiwl   controlled   by   the   rocking   frame    engages    a 
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toothed  sector,  concentric  with  the  pulley  to  which  the 
band  is  attached,  at  the  "feeding  point;"  the  pulley  can 
now  no  longer  take  up  the  slack,  and  the  brake  is  therefore 
released  and  the  feeding  takes  place.  When  compensation 
takes  place  the  pawl  engages  a  different  tooth,  but  always 
when  the  cores  are  at  "feeding  point;"  hence  the  regulation 
remains  constant. 

It  is  claimed  that  these  lamps  possess  the  following  im- 
portant advantages  :  — 

(1)  A  minimum  of  friction. 

(2)  Control  by  a  rubber  brake,  ensuring  a  steady  feed, 
which,  with  good  carbons,  is  continuous, 

(3)  Compensation  for  wear  of  rubber  brake. 

(4)  Good  regulation ;  bad  carbons  causing  not  more  than 
two  volts  variation. 

(5)  Good  dashpot  action,  and  light  working  parts,  result- 
ing in  steady  working  with  a  minimum  of  line  resistance. 

The  general  appearance  of  the  lamp  with  the  case  and 
globe  off  is  shown  by  Fig.  207. 

As  already  stated,  the  lamps  bum  ten  in  series  across 
460  volts,  and  as  they  each  require  41  volts,  only  50  volts 
are  left  for  ihe  line  resistance.  This  is  an  unusually  small 
proportion,  being  only  about  11  per  cent.,  whilst  the  usual 
practice  is  to  absorb  about  20  per  cent,  in  the  line  resist- 
ance. Nevertheless,  excellent  results  are  obtained,  240 
lamps  lighting  up  without  a  hitch  when  the  current  is 
switched  on  for  the  first  time. 

Every  post  (Figs.  208  and  200)  is  fitted  with  an 
equivalent  resistance,  which  is  wound  on  the  china  bobbins 
and  enclosed  in  a  waterproof  cover.  The  upper  part  of 
Fig.  210  shows  the  resistance  with  the  cover  off,  and  that 
of  Fig.  211  with  the  cover  on. 

The  automatic  cut-out  is  fixed  in  an  iron  box  immediately 
below  the  equivalent  resistance;  it  was  specially  designed 
owing  to  the  small  line  resistance  used,  because  if  all  the  equi- 
valent resistances  were  thrown  in  parallel  with  the  lamps,  the 
current  would  be  increased  to  18  amperes,  but  the  line 
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resistance  would  take  only  90  volts,  and  thus  as  much  as 
37  volts  would  be  left  for  each  parallele<l  set  The  cut- 
outs take  70  volts  to  lift  them,  and  therefore  they  could 
not  all  act  at  once  in  practice ;  but  six  or  seven  cut-outs 
can  act  together,  and  with  the  small  line  resistance  the 
result   is  proportionally  as  ahove.     Owing  to  the  six   or 
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seven  lamps  getting  practically  normal  voltage  and  current 
when  this  happens,  great  difficulty  was  experienced  in 
designing  the  apparatus  to  cut-in  again  when  the  carbons 
came  together,  and  at  the  same  time  leave  sufficient  pressure 
on  the  contacts  when  there  are  no  carboas  in  the  lamp. 
This  was,    however,    successfully   overcome,  and  a  very 
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strong  magnet  is  used,  which  leaves  a  good  margin  of  pull 
on  the  aimature,  amply  sufficient  to  depress  eight  separate 
contact  pieces,  which  are  connected  in  parallel  and  carry 
the  current  without  any  heating. 

The  second  post  in  each  series  carries  the  variable  lino 
resistance,  which  is  able  to  absorb  a  maximum  of  600  watts. 
It  is  also  wound  on  two  bobbins,  and  shown 
on  Figs.  210  and  211  at  the  bottom. 

The  two  end  posts  of  each  scries  contain 
one  single-pole  switch  and  fuse,  as  shown 
on  Fig.  212.  The  fuse  is  of  the  G.E.C. 
well-known  H.V.  type  with  lined  fuse 
chamber,  and  is  tested  on  a  dead  short 
circuit  with  500  volts. 

Croydon. 

The  author  is  indebted  to  Mr.  T.  H. 
Minshall,  Borough  Electrical  Engineer,  for 
the  following  account  of  electrical  street 
lighting  at  Croydon : — 

The  evolution  of  street  lighting  in  dbtricta 
where  alternating  current  is  supplied  for 
private  lighting  ha.s  been  extremely  inter- 
esting.    The   earliest  form  of  distribution 
for  the  latter  consisted  in  placing  a  trans- 
former in  each  house  working,  as  a  rule, 
at  about  100  volts  pressure,  and  for  public 
lighting  many  stations  adopted  a  similar  system,  using  small 
tmnsforraers  in  the  base  of  the  posts.     This,  however,  was 
not  particularly  satisfactory,  or  economical,  and  as  the  colour 
of  the  alternating  arc  left  a  good  deal  to  be  desired,  many 
engineers  preferred  to  use   sepai'ate  constant  current  arc 
lighting   generators,    a   system    which   had   been   used  in 
America  for  many  years,  and,  as  far  an  the  quality  of  the 
light  went,  had  been  found  very  satisfactory  ;  many  of  tho 
stations  in  that  country  being  exclusively  devoted  to  public 
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lightiDg.  This,  for  some  time,  became  standard  practice,  the 
principal  developments  being  in  the  direction  of  increased 
nize  in  arc  lighters. 

In  England,  however,  the  low  efficiency  of  arc  lighters 
driven  by  separate  engines  prevented  their  being  much  used, 
and  the  Ferranti  rectifier,  the  introduction  of  which  was  the 
next  important  step,  met  with  a  good  deal  of  success,  the 
service,  as  far  as  the  lamps  were  concerned,  leaving  little  to 
be  desired.  Recently,  however,  both  in  England  and 
America,  the  open  lamp,  whether  alternating  or  direct,  is 
being  superseded  by  the  enclosed  lamp,  and  an  enormous 
number  of  series  alternating  lamps  worked  from  constant 
current  transformers  are  being  installed,  this  being  quite  the 
most  popular  form  of  lighting  in  America  to-day,  where 
open  lamps  are  being  everywhere  replaced.  By  this  means, 
the  advantages  of  the  series  system  are  obtained  without 
the  use  of  special  generating  plant. 

The  first  installation  of  public  lighting  at  Croydon  con- 
sisted of  rectified  lamps,  of  which  sixty  are  still  in  use.  In 
the  outlying  districts,  however,  it  was  found  that  the  cost 
of  laying  mains  all  the  way  from  the  generating  station  was 
prohibitive,  and  recourse  was  had  to  alternating-current 
enclosed  lamps. 

Two  systems  of  operating  the  latter  are  in  use,  one  using 
series  lamps,  the  other  parallel  ones ;  but  both  possess  the 
great  advantage  of  enabling  the  ordinary  mains  to  be  used 
for  a  greater  number  of  hours  per  day,  and  hence  producing 
a  greater  return  for  a  given  capital  outlay. 

The  chief  difficulty,  viz.,  the  colour,  has  been  surmounted 
after  a  long  and  costly  series  of  experiments,  and  it  is  now 
difficult  for  anyone  but  an  expert  to  detect  much  diflference 
between  the  direct  and  alternating  lamps.  The  question  of 
colour  is  a  somewhat  complex  one,  and  before  success  was 
obtained,  it  was  necessary  to  try  a  great  variety  of  carbons, 
globes,  and  lengths  of  arc^  &c. 

Parallel  System.'^The  system  first  adopted  and  still 
used  in  those  parts  of  the  district  where  a  low-pressure 
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network  of  sub-stations  are  provided,  consisted  in  the  use 
of  lamps  of  the  parallel  type,  which  are  run  without  any 
transformer  or  choking  coil,  thereby  avoiding  one  of  the 
most  frequent  causes  of  trouble. 

At  Croydon  these  lamps  are  made  for  200  volts,  and 
hence,  with  a  400-volt  three-wire  system,  can  be  fed  at 
very  great  distances  from  sub-stations.  In  some  cases  they 
are  connected  to  the  distributing  mains,  while  in  others, 
separate  low-pressure  cables  are  run  back  to  the  sub- 
stations, which  enables  a  large  number  of  lamps  to  be 
controlled  by  one  man,  and  the  current  they  take  to  be 
metered,  as  well  as  having  other  advantages. 

Series  System. — In  certain  districts,  however,  the  nearest 
sub-station  is  at  such  a  distance  as  to  make  the  laying  of 
400-volt  mains  out  of  the  question,  and  here  a  modified 
form  of  the  series  system,  so  popular  in  America,  has  been 
adopted.  As  the  lamps  are  automatically  compensated,  it 
has  not  been  found  necessary  to  use  constant-current 
transformers,  the  governing  of  the  lamps  being  such  as  to 
prevent  the  total  current  increasing  more  than  5  per  cent., 
even  if  half  the  circuit  should  become  extinguished.  It  is 
advisable,  however,  to  have  a  transformer  separating  the 
arc  system  from  the  main  feeders  to  the  generating  station. 

The  relative  advantages  of  the  two  systems  depend  on  a 
variety  of  causes,  but,  as  a  rule,  the  series  system  will  be 
found  more  economical  in  a  straggling  district. 

Both  systems  possess  the  great  advantage  of  improving 
the  load  factor  or  earning  power  for  a  given  capital  outlay. 
The  general  advantages  of  enclosed  lamps  are  so  well  known 
that  it  is  not  necessary  to  dwell  upon  them,  but  it  may  be 
of  interest  to  state  that,  in  addition  to  the  improved 
behaviour  in  bad  weather,  there  has  been  found  at  Croy- 
don a  reduction  of  over  30  per  cent,  in  the  cost  of  carbons 
(although  the  very  best  qualities  must  be  used),  and  of 
nearly  40  per  cent,  in  the  cost  of  trimming.  On  the  other 
hand,  there  is  the  cost  of  inner  globes,  but  now  that  the 
correct  shape  and  quality  of  glass  is  used,  the  latter  item  is 
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not  serious,  and  is  counterbalanced  by  the  increased  life  of 
the  outer  globe  due  to  less  frequent  removal  for  trimming 
purposes  and  the  absence  of  breakages  due  to  falling 
particles  of  hot  carbon. 

The  standard  distance  of  lamps  is  GO  yards,  and  where- 
ever  possible  the  trolley  poles  are  used.  When  the  latter 
(which  are  about  40  yards  apart)  are  on  both  sides  of  the 
road,  they  are  '*  staggered,"  and  hence  the  use  of  alternate 
posts  gives  the  required  distance.  Those  on  one  side  of  the 
road  are  switched  out  at  midnight,  the  remainder  of  the 
lamps,  although  120  yards  apart,  being  amply  sufficient  for 
the  safety  of  the  traffic  after  that  time. 
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CHAPTER   XXIX. 

ACETYLENE. 

During  the  last  few  years  acetylene  has  taken  a  prominent 
place  as  an  illuminant,  the  brilliance  of  the  light  produced 
by  it,  coupled  with  the  convenience  of  its  production, 
gradually  winning  its  waj'  into  public  favour. 

In  1836  Edmund  Davy,  Professor  of  Chemistry  to  the 
Royal  Dublin  Society,  described  the  gas  acetylene  at  the 
meeting  of  the  Society  held  in  March  in  that  year,  and 
experimentally  demonstrated  some  of  its  properties,  and 
later  in  the  same  year  he  read  a  paper  on  it  before  the 
British  Association  at  Bristol,  the  method  described  therein 
for  the  production  of  the  gas  being  the  ignition  in  an  iron 
bottle  of  a  mixture  of  calcined  tartar  and  charcoal,  with  the 
result  that  potassium  was  isolated  in  addition  to  a  black 
substance,  which  was  easily  decomposed  by  water,  yielding 
a  gas  of  great  illuminating  value  when  burned  in  contact 
with  the  atmosphere. 

The  importance  of  this  discovery  was  clear  to  Davy's 
mind,  his  concluding  remark  being, "  From  the  brilliancy 
with  which  the  new  gas  bums  in  contact  with  the  atmo- 
sphere it  is,  in  the  opinion  of  the  author,  admirably  adapted 
for  the  purpose  of  artificial  light,  if  it  can  be  procured  at  a 
cheap  rate." 

The  gas  so  produced  has  the  composition  C2H2,  equal  to 
92-3  per  cent,  of  carbon.  In  1800  Berthelot  showed  that 
acetylene  was  formed  during  the  decomposition  of  many 
organic  substances  by  heat,  and  in  1862  he  demonstrated 
the  possibility  of  producing  it  in  an  atmosphere  of  hydrogen 
by  passing  electricity  between  carbon  points 
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These  and  many  other  experiments  on  record,  whilst 
interesting  from  the  scientific  standpoint,  were  not  attended 
with  practical  results  until  1889,  when  the  process  which 
has  now  enabled  acetylene  to  be  produced  commercially  was 
accidentally  discovered  by  an  American  engineer,  Mr.  Thomas 
Leopold  Willson,  of  Leaksville,  in  North  Carolina,  while 
experimenting  with  an  electric  furnace  in  connection  with 
the  production  of  aluminium.  He  was  attempting  to  pro- 
duce the  metal  calcium  by  the  reduction  of  iis  oxide  in  the 
electric  arc,  and  for  this  purpose  fused  together  a  mixture  of 
powdered  lime  and  anthracite.  He  w^as,  however,  dis- 
appointed to  find  that  he  had  produced  only  a  dark-coloured 
crystalline  substance  very  like  lava. 

Regarding  this  as  useless,  he  threw  it  into  some  water, 
which  immediately  began  to  bubble  violently,  an  odour 
being  produced,  which  at  once  attracted  attention.  A 
further  quantity  of  the  material  was  made,  and  on  examina- 
tion found  to  be  carbide  of  calcium,  the  gas  produced  on  its 
immersion  in  water  being  pure  acetylene. 

In  1892  Willson  produced  carbide  in  quantities,  and  in 
1895  works  were  started  in  England,  whilst,  at  the  present 
time,  nearly  every  country  in  the  world  has  one  or  more 
companies  engaged  in  its  manufacture.  The  production  of 
the  gas  from  the  carbide  in  a  safe,  simple,  and  economical 
manner,  evidently  presented  greater  diflSculty  than  was  at 
first  anticipated,  and  many  failures  resulted  in  consequence 
of  inexperience  before  the  process  wa.s  placed  on  a  satis- 
factory and  safe  basis. 

In  1898  an  exhibition  of  the  acetylene  light  was  held  at 
the  Imperial  Institute,  and  the  Society  of  Arts  appointed  a 
Council  to  conduct  a  series  of  tests  of  the  exhibits,  and 
grant  certificates  to  the  exhibitors  of  those  which  were 
found  to  be  satisfactory.  This  action  had  the  effect  of 
reassuring  the  public  on  the  question  of  the  safety  of  the 
light,  with  the  result  that  it  is  now  gradually  winning  its 
way  to  favour,  especially  in  rural  districts,  churches,  hotels, 
railway  stations,    and    country    mansions,    where    either 
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electricity  or  coal-gas  cannot  be  obtained  at  reasonable 
prices,  or  has  not  yet  been  introduced. 

As  already  pointed  out  in  Chapter  XXVII.  no  comparison 
of  the  cost  of  illuminants  can  be  made  unless  the  cost  and 
quality  are  stated,  and  therefore  each  case  must  be  con- 
sidered by  itself ;  but  as  a  general  idea  of  the  cost  of  coal- 
gas  in  England  alone,  it  may  be  stated  that  there  are  over 
1000  gas  companies  charging  above  4s.  per  thousand  cubic 
feet,  of  which  500  charge  above  os.,  200  above  6s.,  and  some 
even  over  10s.  per  thousand  cubic  feet. 

According  to  information  kindly  supplied  by  Mr.  H.  E. 
Baker,  managing  director  of  the  Acetylene  Corporation  of 
Great  Britain,  the  quantity  of  acetylene  produced  from 
1  lb.  of  carbide  of  calcium  varies  from  5  cubic  feet  to 
5*44  cubic  feet.  On  the  basis  of  5  cubic  feet,  to  take  the 
lowest  figure,  this  is  equal  to  250  candle-power  per  pound 
of  carbide  per  hour,  which  is  obtainable  in  quantities  at  2d. 
To  produce  an  equal  degree  of  illumination  by  means  of 
]  G  candle-power  gas  when  burnt  in  a  flat-flame  bunier,  about 
90  cubic  feet  per  hour  arc  required,  which,  at  3s.  per  thousand 
cubic  feet,  will  cost  3Jd.  Of  course,  if  the  comparison  is 
made  against  the  Welsbach  incandescent  mantle,  the  cost 
for  gas  alone  w'ill  be  about  one  seventh  of  that  sum,  and  the 
comparison,  so  far  as  cost  of  gas  is  concerned,  is  in  favour 
of  the  Welsbach.  In  those  cases,  however,  where  no  coal 
gas  is  available,  these  considerations  cannot  be  taken  into 
account.  But  there  are  many  cases  in  which  the  incan- 
descent mantle  cannot  be  employed  with  advantage,  quite 
apart  from  the  question  of  cost,  and  these  are  the  cases  in 
which  the  acetylene  will  be  found  of  most  value.  The  fact 
that  the  acetylene  light  is  now  in  use  for  churches,  country 
houses,  a  hall  capable  of  seating  4000  people,  hotels,  a 
military  camp,  &c.,  and  that  the  apparatus  when  fitted  up 
under  the  direct  supervision  of  the  above  company  is 
guaranteed  for  five  years,  clearly  indicates  the  steady 
advance  which  this  form  of  illumination  is  making  in 
public  favour. 
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In  order  to  produce  acetylene  gas  from  carbide  of  calcium 
it  is  necessary  that  the  carbide  should  be  brought  into 
contact  with  water.  Several  methods  have  from  time  to 
time  been  adopted  in  order  to  bring  the  two  necessaries 
into  contact,  most  of  which  have  now  been  abandoned  for 
one  reason  or  another. 

Two  methods  have,  however,  survived: — First,  arranging 
the  charge  of  carbide  in  a  generator  in  such  a  way  that  tiie 
water  attacks  it  from  the  bottom  (Fig.  213)  and  gradually  en- 


croaches upon  it,  thereby  releasing  the  gas,  wliich  is  conveyed 
away  to  the  gasometer,  purifiers,  service  pipes,  and  burners. 
This  method  can  lie  peiformed  automatically  it  required, 
in  which  case  the  charge  is  split  up  into  a  number  of 
portions,  and  the  water  supply  to  the  carbide  is  automatically 
controlled  so  that  only  one  portion  is  attacked  at  a  time, 
the  gas  from  which  tills  the  gasometer,  and  in  the  ascent  of 
the  gasometer  (Fig.  214)  the  water  is  shut  otf.  Whenthegas 
thus  produced  is  used,  the  gasometer  falls  and  automatically 
turns  on  the  water  to  another  portion  of  the  carbide,  this 
alternate  action  continuing  until  the  whole  charge  of  carbide 
is  exhausted.      The  i^rcat    advantage    of    the    automatic 
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system  is  the  small  size  of  fclie  plant  and  the  consequent 
economy  both  in  the  cost  of  the  plant  and  the  space  it 
occupies.  Another  and  less  apparent  advanfa^e  is  that  the 
acetylene  gan  is  always  fresh,  and  its  illuminating 
value  is    not   so    much    depreciated.      It    is,  of    course, 


Fig.  215. 

evident  that  this  method  of  pi-oduction,  which  ia 
known  as  the  flooding  process,  can  also  be  performed 
non-automatically  (Fig.  215),  that  b  to  say,  a  constant 
stream  of  water  can  be  allowed  to  flow  to  the  carbide  and 
the  whole  of  the  gas  collected  in  a  large  storage  holder. 
The  flooding  process  when  performed  in  a  scientifically- 
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constructed  apparatus,  which  is  water  sealed,  and  which 
does  not  allow  of  a  greater  pressure  than  from  4in.  to  6in. 
on  the  generating  chamber,  produces  the  largest  volume  of 
gas  from  the  carbide,  some  results  yielding  more  than 
5  cubic  feet  to  the  pound  of  carbide. 

The  other  process  which  has  survived,  and  has  numerous 
advocates,  is  that  of  throwing  small  quantities  of  carbide 
into  a  large  volume  of  water,  and  collecting  the  gas  as  it 
bubbles  through  the  water  in  a  storage  holder.  The  dis- 
advantage of  this  method  is  that  it  cannot  with  any  degree 
of  certainty  be  performed  automatically  unle&s  the  carbide 
is  broken  to  gunpowder  size,  as  the  lumps  of  carbide  would 
be  almost  certain  to  put  the  mechanism  out  of  gear.  There- 
fore with  such  an  apparatus  it  is  usual  to  have  a  storage 
holder  to  accommodate  the  required  amount  of  gas  and 
throw  the  carbide  into  the  generator  by  hand  until  the 
holder  is  full.  The  gas  made  in  this  way  in  a  properly- 
constructed  apparatus  is  undoubtedly  good,  but  the  plant 
is  more  expensive  than  with  the  flooding  process  on  account 
of  the  required  storage  holder ;  and  there  is  also  a  very 
considerable  loss  of  gas  through  its  being  absorbed  in  the 
large  volume  of  water  in  the  generator,  as  the  water  has  to 
be  changed  each  time  and  consequently  absorbs  fresh  quan- 
tities of  gas.  The  yield  of  gas  from  the  best  generators  of 
this  class  does  not  exceed  4~  cubic  feet  to  the  pound. 

Having  generated  the  gas  by  either  of  these  two 
methods,  it  has  been  found  by  experience  that  in  order  to 
obtain  the  best  results  it  is  necessary  to  subject  the  gas  to  a 
process  of  washing,  drying,  scrubbing,  and  purifying. 

This  is  partly  necessary,  owing  to  the  fact  that  com- 
mercial carbide  of  calcium  contains  certain  impurities  in 
small  quantities  which  would  render  it  unpleasant  if  burned, 
in  a  close  room,  in  the  state  in  which  it  issues  from  the 
generator.  In  the  early  days  of  acetylene  this  detail  was 
not  considered,  and  consequently  many  people  gave  up  the 
use  of  the  gas,  thinking  that  it  was  poisonous  in  character. 

The    process    adopted    is    as    follows: — Aa    the    gas 
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leaves  the  generator  it  is  made  to  bubble  through 
water  in  fine  streams  (see  Fig.  214).  Thia  has  the 
effect  of  cooling,  washing,  and  freeing  it  from  any 
any  traces  of  ammonia.  From  the  washer  the  gas  entere 
the  gasometer  by  "an  inlet  pipe  which  is  not  connected  with 
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the  gas  service  to  the  burners.  In  its  course  tothe  gasometer 
the  gas  has  to  travel  through  pipes  which  are  always 
immersed  in  the  cold  water  of  the  gasometer  tank,  which 
has  the  effect  of  condensing  the  gas,  any  condensation 
dropping  back  into  the  washer.    By  the  pressure  of  the 
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gasometer  the  gas  is  forced  down  the  outlet  pipe  and  enters 
the  dryer  and  scrubber,  the  latter  being  absolutely  necessary. 
In  fact,  the  omission  of  this  part  of  the  plant  Ls  responsible 
for  the  burner  troubles,  the  reason  being  that  where  the 
scrubber  is  omitted  the  tiny  holes  of  the  burner  nipple 
constitute  the  first  serious  resistance  to  the  gas,  when  the 
burner  really  acts  as  a  scrubber,  and  becomes  blocked  with 
the  impurities  removed  from  the  gas. 

The  gas,  having  been  scrubbed,  is  next  conveyed  to  a  water- 
sealed  purifier  (Fig.  216), which  removes  from  it  any  traces  of 
phosphuretted  hydrogen,  and  completes  the  drying  of  the 
gas. 

The  acetylene  is  now  ready  for  use,  and  is  conveyed  by 
means  of  mains  and  connections  to  the  points  where  light 
is  required,  but  under  no  circumstances  should  lead  pipes 
be  used.  The  best  installations  are  always  carried  out  with 
steam  tubing. 

If  an  acetylene  installation  is  to  be  really  good  and 
useful  great  attention  must  be  paid  to  the  joints  both  of 
the  gas  service  and  the  gas  fittings.  The  ordinary 
fittings  made  for  coal-gas  are  for  the  most  part  unsatis- 
factory, and  even  the  more  expensive  ones  should  be 
supplied  with  special  taps  which  will  stand  water  pressure ; 
and,  so  far  as  possible,  ball  joints  and  slide  fittings  should 
be  avoided,  otherwise  there  will  be  an  unpleasant  escape 
of  g&s. 

It  was  at  an  early  date  discovered  that  the  best  form  of 
burner  was  an  atmospheric  one,  which  admitted  air  at  the 
point  of  ignition  in  sufficient  quantities  to  keep  the  fiame 
from  the  steatite,  while  for  ordinary  purposes. a  burner 
such  as  described  on  page  204,  giving  two  jets  of  light 
which  impinge  and  spread  into  a  flame,  is  most  in  favour. 
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CHAPTER   XXX. 

AMERICAN    EXPERIENCE. 

The  most  recent  account  of  public  lighting  in  America 
is  that  given  in  a  report  of  the  Committee  of  Light  of  the 
Board  of  Legislation  of  Cincinnati,  U.S.A.,  from  which 
report  the  following  interesting  information  has  been 
abstracted : — 

"Your  committee  visited  all  other  systems  of  lighting 
under  consideration.  The  arcs  were  found  to  be  of  the  type 
known  as  open  arcs,  which  throw  the  greatest  amount  of 
light  at  an  angle  half  way  between  the  vertical  and  hori- 
zontal, or,  as  stated  in  electrical  circles,  at  an  angle  of  ib"" 
below  the  horizontal.  The  light  in  the  open  arc  lamps  is 
furnished  from  the  points  of  carbons  between  which  there 
is  an  electric  arc,  the  carbons  varying  from  one-half  to  five- 
eighths  inch  in  diameter.  These  open  lamps  are  hung  from 
30ft.  to  40ft.  above  the  ground,  in  order  to  throw  the 
maximum  light  at  a  greater  distance  from  the  lamp  on  the 
street  than  if  they  w^ere  hung  lower. 

•'  It  was  found,  as  with  all  the  open  arc  lamps  your  com- 
mittee has  seen  anywhere,  that  the  large  base  of  the  lamp 
cast  a  big  shadow  under  the  lamp.  It  was  explained  to 
your  committee  that  with  the  old  or  open  type  of  arc  lamps 
the  carbons  burned  in  the  oi)en  air,  being  simply  surrounded 
by  a  large  glass  globe  to  protect  the  carbons  to  some  extent 
from  the  blast  of  wind.  The  upper  carbon  is  called  the 
positive,  and  burns  at  the  tip  to  a  point,  with  a  crater  or 
concave  hole  in  the  centre  of  the  end  of  the  carbon,  while  the 
lower  or  negative  carbon  burns  to  the  form  of  an  evenly  round 
peak.  The  light  being  given  largely  from  the  upper  or  positive 
carbon,  and  the  greater  amount  of  light  being  given  from 

the  crater,  or  hottest  part  of  the  carbon,  it  will  be  seen  that 

II 
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a  large  portion  of  the  light  cannot  be  thrown  in  a  horizontal 
direction  on  account  of  the  walls  of  the  crater,  and  must  be 
thrown  at  an  angle  of  about  45**  below  the  horizontal. 
It  will  be  noted,  therefore,  that  the  higher  the  lamp  is  sus- 
pended from  the  ground,  within' reasonable  limits,  the  better 
the  street  illumination  produced.  The  source  of  illumina- 
tion, however,  being  at  the  carbon  points,  it  is  obvious  that 
shadows  will  be  thrown  by  any  obstructions,  such  as  the 
bottom  and  frames  of  the  lamp.  When  the  lamp  is  burning 
the  carbons  are  about  one-eighth  of  an  inch  apart,  this  being 
the  length  of  the  electric  arc,  and  as  it  is  exposed  to  draughts 
of  air  the  light  is  subject  to  some  variation,  causing  flicker- 
ing of  the  lamp  on  account  of  the  wind. 

''  It  was  also  stated  that  imeven  and  impure  spots  in  the 
carbons  caused  a  disagreeable  flickering,  which  does  not 
occur  in  the  enclosed  form  of  arc  lamp.  In  the  enclosed 
arc  lamp  the  carbons  bum  in  a  small  air-tight  globe,  which 
is  inside  of  the  larger  outer  globe,  and  therefore  bum  in  a 
partial  vacuum,  in  which  combustion  takes  place  more 
slowly,  and  in  which,  of  course,  the  wind  cannot  reach  the 
arc  and  make  it  unsteady.  In  the  enclosed  arc  lamps,  no 
air  being  present,  the  carbons  bum  with  almost  flat  ends, 
about  three-eighths  of  an  inch  apart,  so  that  the  light  is 
given  from  the  ends  of  the  carbon  and  from  the  electric  arc 
between  the  carbons.  There  being  no  crater  on  the  positive 
carbon,  and  the  carbons  being  so  far  apart,  the  most  intense 
light  is  thrown  in  practically  horizontal  directions,  so  that 
a  much  larger  amount  of  light  is  thrown  at  a  distance  from 
the  lamp  than  where  the  open  arc  lamps  are  ased.  The 
praxjtice  is  to  make  the  small  inner  globe  of  white  or  opal 
glass,  and  when  the  lamp  is  burning  this  entire  inner  globe 
becomes  bright  and  becomes  the  source  of  light,  so  that  the 
light,  iastead  of  emanating  from  a  point,  as  it  does  in  the 
open  arc  lamps,  emanates  from  a  closed  globe  about  Sin. 
in  diameter  by  6in.  long  in  the  enclosed  form  of  arc  lamp. 
This  globe  being  so  much  larger  than  the  base  of  the  lamp, 
or  than  the  frame  of  the  lamp,  does  not  permit  any  shadows 
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to  be  cast,  and  the  enclosed  fonn  of  lamp  therefore  is  not 
only  absolutely  steady  and  free  from  flickering,  due  to  wind 
or  other  causes,  but  it  casts  no  shadows  under  the  lamp  and 
no  shadows  from  the  frame  of  the  lamp.  It  also  throws  its 
light  to  a  greater  distance,  and  the  eflective  illumination 
of  the  street  throughout  its  length  is  therefore  very  much 
better  than  with  the  open  type  of  lamp.  The  use  of  an 
opal  inner  globe  for  the  enclosed  lamp  also  does  away 
with  the  brilliant  spot  which  has  been  objected  to  with 
the  open  type  of  lamp  as  being  so  dazzling  in  iis  effect  on 
the  eye. 

"  Of  the  enclosed  type  of  arc  lamp  there  are  two  kinds, 
known  as  direct-current  or  alternating-current  enclosed 
lamps,  depending  on  the  kind  of  electricity  w^hich  is  fur- 
nished to  said  lamps.  With  the  direct-current  enclosed 
lamps  the  end  of  the  carbons  bum  almost  flat,  but  not  to- 
gether, because  the  current  always  goes  from  the  positive  to 
the  negative,  and  the  upper  carbon,  being  positive,  is  always 
slightly  hollowed  out  or  concave.  With  the  alternating 
lamp,  however,  the  carbons  bum  with  both  carbons  abso- 
lutely flat  on  their  ends.  The  result  is  that  the  alternating 
lamp  throws  a  still  greater  proportion  of  its  light  in  a 
horizontal  direction  than  does  the  direct-current  enclosed 
lamp,  and  for  that  reason  the  alternating  form  of  enclosed 
lamp  is  considered  more  effective  for  street-lighting  pur- 
poses, where  a  large  amount  of  light  is  wanted  from  100ft. 
to  200ft.  or  300ft.  from  the  lamps.  In  both  types  of  enclosed 
arc  lamps  the  opal  inner  globe,  on  account  of  its  white 
colour,  becomes  the  source  of  light,  and  being  so  large,  a 
considerable  amount  of  light  would  naturally  be  thrown 
into  the  air  and  lost  unless  reflected.  It  is  the  practice, 
therefore,  of  companies  using  inclosed  arc  lamps  to  use 
a  reflector,  \diich  is  attached  to  the  lamp  immediately  above 
the  glass  globe,  which  reflector  has  a  white  porcelain 
under-surface  for  reflecting  the  light.  The  result  of  the 
use  of  this  shade  is  that  the  light  which  would  otherwise 

be  lost  is  thrown  to  the  earth  and  made  useful,  and  that 
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the  illumination  under  the  lamp  is  absolutely  uniform  and 
free  from  shadow.  As  the  lamps  throw  a  horizontal  light, 
as  the  lirilliant  carbon  points  are  enclosed  by  white  glass 
inner  globes,  it  is  the  practice  in  cities  where  your  committee 
has  investigated  lighting  systems  to  place  the  lamps  at  a 
distance  of  only  12ft.  or  15ft.  instead  of  25ft.  to  40ft.  above 
the  ground,  as  with  the  open  type  of  arc  lamps.  This 
gives  a  very  brilliant  illumination  on  the  street  free  from 
shadows,  and  enables  the  lamp  to  be  placed  below  the 
limbs  of  trees,  so  that  the  foliage  does  not  obstruct  the 
light.  The  placing  of  the  lamps  close  to  the  ground  is  not 
objectionable,  because  the  white  inner  globe  protects  the  eye 
from  the  glare  so  noticeable  with  the  open  type  of  arc  lamp. 

"  The  experience  of  your  committee,  therefore,  in  all  these 
cities  visited  would  tend  to  show  that  electric  lighting  of 
the  open  type  or  enclosed  lamps  gives  a  better  illumination 
than  either  gas  or  gasoline  lamps,  either  of  the  open-flame 
type  or  equipped  with  incandescent  gas  burners.  The 
consensus  of  opinion  seems  to  be  that  the  enclosed  arc  lamp 
is  superior  to,  and  an  improvement  on,  the  open  type  of 
arc  lamp,  and  that  of  the  two  kinds  of  enclosed  arc  lamps 
the  alternating  is  better  than  the  direct-current  type,  be- 
cause a  greater  portion  of  the  light  is  thrown  in  a  hori- 
zontal direction,  and  because  therefore  the  general  illumina- 
tion of  the  street  is  more  uniform.  Another  advantage  of 
the  alternating-current  type  of  lamp  is  that  lamps  of 
1200  candle-power  can  be  used,  if  desired,  from  the  same 
dynamo  that  furnishes  the  2000  candle-power  lamps  and 
therefore  by  the  use  of  the  smaller  candle-power  lamp  a 
greater  number  of  them  can  be  used  at  the  same  cost  per 
year  for  lighting,  enabling  the  lamps  to  be  placed  much 
closer  together.  The  use  of  an  increased  number  of  lamps, 
giving  the  same  amount  of  light  more  evenly  distributed, 
and  at  no  greater  cost,  would  be  an  object  well  worth 
striving  for." 

The  summarised  results  of  the  investigations  of  the 
Committee  are  shown  in  the  accompanying  table. 
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BOARD  OF  TRADE  REGULATIONS,  WITH  ANNOTATIONS 

BY  THE  AUTHOR. 

(A),  for  securing  the  Safety  of  the  Public,  and 
(B),  for  ensuring  a  proper  and  sufficient  Supply  of  Elkctrical 
Energy. 


DefiniiioTis, 

In  the  following  regulations — 

The  expression  "  the  Order  '*  means  the 

The  expression  **  the  Undertakers*'  means  the  Undertakers  for  the 

purposes  of  the  Order. 
The  expression  "  consumer's  wires  "  means  any  electric  lines  on  a 

consumer's  premises  which  are  connected  with  the  service  lines 

of  the  Undertakers  at  the  consumer's  terminals. 
The  expression  ** aerial  line"  means  any  electric  line  which  is 

placed  above  ground  and  in  the  open  air. 
The  expression    "  pressure "    means  the  difference  of   electrical 

potential  between  any  two  conductors  through  which  a  supply  of 

energy  is  given,  or  between  any  part  of  either  conductor  and  the 

earth  ;  and — 

(a)  Where  the  conditions  of  the  supply  are  such  that  the 
pressure  may  at  any  time  exceed  500  volt^  if  continuous, 
or  250  volts  if  alternating,  but  cannot  exceed  8,000  volts, 
whether  continuous  or  alternating,  the  supply  shall  be 
deemed  a  high-pressure  supply  : 

(6)  Where  the  conditions  of  the  supply  are  such  that  the 
pressure  may  on  either  system  exceed  3000  volts,  the 
supply  shall  be  deemed  an  extra  high -pressure  supply. 

The  expressions  "  high  pressure "  and  **  extra  high  pressure  " 
respectively  are  used  in  relation  to  electric  lines,  conductors, 
circuits,  and  apparatus,  according  to  the  conditions  of  the  supply 
delivered  through  the  same  or  particular  portions  thereof. 
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Where  these  regulations  require  any  metallic  body  to  be  "  efficiently 
connected  with  earth/'  it  shall  be  connected  with  the  general  mass  of 
earth  in  such  manner  as  will  ensure  at  all  times  an  immediate  and  safe 
discharge  of  electrical  energy. 

Other  expressions  to  which  meanings  are  assigned  in  the  Order  or 
in  the  above-mentioned  Acts  have  the  same  respective  meanings  in 
these  regulations. 

A. — Kegulations  for  Skcueing  the  Safety  of  the  Public. 

OeneraL 

(1)  The  pressure  of  a  supply  delivered  to  any  consumer  shall  not 
exceed  250  volts  at  any  pair  of  terminals,  except  with  the  express 
approval  of  the  Board  of  Trade.  Such  approval  will  only  be  given  for 
special  purposes  and  on  the  joint  application  of  the  consumer  and  the 
Undertakers,  and  the  supply  will  be  subject  to  such  further  regulations 
as  the  Board  of  Trade  may  from  time  to  time  prescribe. 

(2)  The  pressure  of  a  supply  delivered  to  a  transforming  station  or 
to  transforming  apparatus  on  a  consumer's  premises  may  exceed  260 
volts,  but  shall  not  exceed  the  limits  of  high  pressure, 

(8)  An  exfcra  high -pressure  supply  shall  not  be  given  except  to  dis- 
tributing stations  or  other  premises  in  the  sole  occupation  of  the 
Undertakers,  and  with  the  written  consent  of  the  Board  of  Trade,  and 
subject  to  such  regulations  and  conditions  as  the  Board  may  prescribe. 

(4)  The  maximum  working  current  in  any  conductor  shall  not  be 
sufficient  to  raise  the  temperature  of  the  conductor  or  any  part  thereof 
to  such  an  extent  as  to  materially  alter  the  physical  condition  or 
specific  resistance  of  the  insulating  covering,  if  any,  or  in  any  case 
to  raise  such  temperature  to  a  greater  extent  than  80  deg.  Fah.  The 
cross-sectional  area  and  conductivity  at  joints  must  be  sufficient  to 
avoid  local  heating,  and  the  joints  must  be  protected  against 
corrosion. 

(5)  The  sectional  area  of  the  conductor  in  any  electric  line  laid  or 
erected  in  any  street  after  the  date  of  these  regulations  shall  not  be 
less  than  the  area  of  a  circle  of  one-tenth  of  an  inch  diameter,  and 
where  the  conductor  is  formed  of  a  strand  of  wires,  each  separate  wire 
shall  be  at  least  as  large  as  No.  20  standard  wire  gauge. 

(6)  All  material  used  for  insulating  electric  lines  or  apparatus  shall 
be  of  the  best  quality,  and  thoroughly  durable  and  efficient,  having 
regard  to  the  conditions  of  its  use.  Suitable  provision  shall  be  made 
for  the  protection  of  the  insulating  material  against  injury  or 
removal. 

If  the  protection  so  provided  be  wholly  or  partly  metallic,  it  shall 
be  efficiently  connected  with  earth. 

(7)  Every  main  shall  be  tested  for  insulation  after  having  been 
placed  in  position  and  before  it  is  used  for  the  purposes  of  supplyi  the 
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testing  pressure  being  at  least  200  volts,  and  the  Undertakers  shall 
duly  record  the  results  of  the  tests  of  each  main,  or  section  of  a 
main. 

(8)  The  insulation  of  every  complete  circuit  used  for  the  supply  of 
energy,  including  all  machinery,  apparatus,  and  devices  forming  part 
of  or  in  connection  with  such  circuit,  shall  be  so  maintained  that  the 
leakage  current  shall  not  under  any  conditions  exceed  one-thousandth 
part  of  the  maximum  supply  6urrent;  and  suitable  means  shall  be 
provided  for  the  immediate  indication  and  localisation  of  leakage. 
Every  leakage  shall  be  remedied  without  delay. 

Every  such  circuit  shall  be  tested  for  insulation  at  least  once  in 
every  week,  and  the  Undertakers  shall  duly  record  the  results  of  the 
testings. 

Provided  that  where  the  Board  of  Trade  have  approved  of  any  part 
of  any  electric  circuit  being  connected  with  earth,  the  provisions  of 
this  regulation  shall  not  apply  to  that  circuit  so  long  as  the  connection 
with  earth  exists. 

(9)  Every  high-pressure  conductor  laid  after  the  date  of  these 
regulations  shall  be  continuously  covered  with  insulatmg  material  to 
a  thickness  of  not  less  than  one-tenth  part  of  an  inch,  and  in  cases 
where  the  extreme  difference  of  potential  in  the  circuit  exceeds  2000 
volts,  the  thickness  of  insulating  material  shall  not  be  less  in  inches 
or  parts  of  an  inch  than  the  number  obtained  by  dividing  the  number 
expressing  the  volts  by  20,000. 

(10)  A  high-pressure  circuit  shall  not  be  brought  into  use  unless 
the  insulation  of  every  part  thereof  has  withstood  the  continuous 
application,  during  one  hour,  of  pressure  exceeding  the  maximum 
pressure  to  which  it  is  intended  to  be  subjected  in  use ;  that  is  to  say, 
in  the  case  of  every  electric  line  a  pressure  twice  the  said  maximum 
pressure,  and  in  the  case  of  every  machine,  device,  or  apparatus, 
a  pressure  50  per  cent,  greater  than  the  said  maximum  pressure. 

The  Undertakers  shall  duly  record  the  results  of  each  test. 

(11)  Every  high-pressure  electric  line,  conductor,  or  other  apparatus 
shall  be  protected  by  a  suitable  automatic  quick- acting  cut-off. 

Provided  that  it  shall  not  be  incumbent  upon  the  Undertakers  to 
provide  such  a  cut-off  for  the  outer  conductor  of  a  concentric  main 
which  is,  with  the  approval  of  the  Board  of  Trade,  efficiently  con- 
nected with  earth. 

(12)  In  every  case  where  a  high-pressure  supply  is  transformed 
for  the  purpose  of  supply  to  one  or  more  consumers,  some  suitable 
automatic  and  quick-acting  means  shall  be  provided  to  protect  the 
consumer's  wires  from  any  accidental  contact  with  or  leakage  from 
the  high  pressure  system,  either  within  or  without  the  transforming 
apparatus. 

(18)  A  high-pressure  electric  line  shall  not  be  used  fot  the  trans- 
mission of  more  than  800,000  watts,  or  in  the  case  of  an  aerial  line 
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60,000  watts,  except  with  the  consent  in  writing  of  the  Board  of 
Trade,  and  efficient  means  shall  be  provided  to  prevent  this  limit  being 
at  any  time  exceeded. 

(14)  Where  any  portion  of  any  electric  line,  or  any  support  for  an 
electric  line  is  exposed  in  such  a  position  as  to  be  liable  to  injury 
from  lightning,  it  shall  be  efficiently  protected  against  such  injury. 

(15)  Where  any  accident  by  explosion  or  fire,  or  any  other  accident 
of  such  kind  as  to  have  caused  or  to  be  likely  to  have  caused  loss  of 
life  or  personal  injury  has  occurred  at  any  part  of  any  electric  line  or 
work,  the  Undertakers  shall  give  immediate  notice  thereof  to  the 
Board  of  Trade. 

Aerial  Lines, 

(16)  Every  aerial  line  shall  be  attached  to  supports  at  intervals  not 
exceeding  200ft.  where  the  direction  of  the  line  is  straight,  or 
150f(i.  where  the  direction  is  curved  or  where  the  line  makes  a 
horizontal  angle  at  the  point  of  support. 

(17)  Every  support  for  an  aerial  line  shall  be  of  a  durable  material, 
and  properly  stayed  against  forces  due  to  wind  pressure,  change  of 
direction  of  the  line,  or  unequal  lengths  of  span.  The  factor  of 
safety  shall  be  for  aerial  lines  and  suspending  wires  at  least  6,  and 
for  all  other  parts  of  the  structure  at  least  12,  taking  the  maximum 
possible  wind  pressure  at  50  lb.  per  square  foot.  No  addition  need  be 
made  for  a  possible  accumulation  of  snow. 

Every  support,  if  of  metal,  shall  bo  efficiently  connected  with 
earth. 

(18)  All  aerial  lines  shall  be  attached  to  insulators,  and  shall  be  so 
guarded  that  they  cannot  fall  away  from  the  support.  Conductors 
covered  with  insulating  material  shall  not  be  attached  to  the  insulators 
by  uninsulated  metal  binders. 

(19)  An  aerial  line  shall  not  in  any  part  thereof  be  at  a  less  height 
from  the  ground  than  20ft.*,  or  where  it  crosses  a  street  85ft., f  or 
within  5ft.  measured  horizontally,  or  7ft.  measured  vertically  from 
any  building  or  erection  other  than  a  support  for  the  line,  except 
where  brought  into  a  building  for  the  purpose  of  supply. 

(20)  Service  lines  from  aerial  lines  shall  be  led  as  directly  as  possible 
to  insulators  firmly  attached  to  some  portion  of  the  consumer's 
premises  which  is  not  accessible  to  any  person  without  the  use  of  a 
ladder  or  other  special  appliance,  and  from  this  point  of  attachment 
they  shall  be  enclosed  and  protected  in  accordance  with  the  subse- 
quent regulations  as  to  electric  lines  on  the  consumer's  premises. 
Every  portion  of  any  service  line  which  is  outside  a  building  but  is 
within  7fb.  from  the  building  shall  be  completely  enclosed  in  stout 
india-rubber  tubing. 

*  18ft.  in  the  case  of  companies  in  the  provinces, 
t  30ft.  in  the  case  of  companies  in  the  provinces. 


Electric  Lines*  60o 

(21)  Where  an  aerial  line  crosses  a  street,  the  angle  between  the 
line  and  the  direction  of  the  street  at  the  place  of  crossing  shall  not 
be  less  than  60  deg.,  and  the  spans  shall  be  as  short  as  possible. 

(22)  Where  an  aerial  line  crosses,  or  is  in  proximity  to,  any  metallic 
substance,  precautions  shall  be  taken  by  the  Undertakers  against  the 
possibility  of  the  line  coming  into  contact  with  the  metallic  substance, 
or  of  the  metallic  substance  coming  into  contact  with  the  line  by 
breakage  or  otherwise. 

(28)  Every  high -pressure  aerial  line  shall  be  efficiently  suspended 
by  means  of  insulating  ligaments  to  Euspendicg  wires,  so  that  the 
weight  of  the  line  does  not  produce  any  sensible  stress  in  the  direction 
of  its  length.  All  suspending  wires,  if  of  iron  or  steel,  shall  be 
galvanised. 

(24)  In  the  case  of  any  high-pressure  aerial  line  exceeding  one-half 
mile  in  total  length,  means  shall  be  provided  whereby  the  pressure 
may  be  discharged  from  any  portion  of  the  line  erected  over  or  along- 
side of  any  building  or  buildings  without  loss  of  time  in  case  of  fire  or 
other  emergency. 

(25)  Every  aerial  line,  including  its  Eupports  and  all  the  structural 
parts  and  electrical  appliances  and  devices  belonging  to  or  connected 
with  the  line  shall  be  duly  and  efficiently  superviEcd  and  maintained 
as  regards  both  electrical  and  mechanical  conditions. 

(26)  An  aerial  line  shall  not  be  permitted  to  remain  erected  after  it 
has  ceased  to  be  used  for  the  supply  of  energy,  unless  the  Undertakers 
intend  within  a  reasonable  time  again  to  take  it  into  use. 

Electric  Lines  oilier  than  Atrial  Lines, 

(27)  All  conduits,  pipes,  casings,  and  street  boxes  used  as  recep- 
tacles for  electric  lines  shall  be  constructed  of  durable  material,  and 
where  laid  under  carriageways  shall  be  of  ample  strength  to  prevent 
damage  from  heavy  traffic  ;  and  reasonable  means  shall  be  taken  by 
the  Undertakers  to  prevent  accumulation  of  gas  in  such  receptacles. 

(28)  Where  any  electric  line  crosses,  or  is  in  proximity  to  any 
metallic  substance,  special  precautions  shall  be  taken  by  the  Under- 
takers against  the  possibility  of  any  electrical  discharge  to  the  metallic 
substance  from  the  line  or  from  any  metal  conduit  pipe  or  casing 
enclosing  the  line. 

(29)  All  metal  conduits,  pipes,  or  casings  containing  any  electric 
line  shall  be  efficiently  connected  with  earth ;  and  shall  be  so  jointed 
and  connected  across  all  street  boxes  and  other  openings  as  to  make 
good  electriceJ  connection  throughout  their  whole  length. 

(80)  Where  isolated  lengths  of  metal  conduit,  pipe,  or  casing  are 
used  for  the  protection  of  any  electric  line  at  road  crossings  or 
similar  positions,  special  precautions  shall  be  taken  to  prevent  the 
possibility  of  any  electrical  charging  thereof. 
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(81)  Where  the  conduciora  of  electric  lines  placed  in  any  conduit  are 
not  continuously  covered  with  insulating  materia],  they  shall  be 
secured  in  position,  and  no  unfixed  uninsulated  material  of  a  con- 
ducting  nature  shall  be  contained  in  the  conduit.  No  such  conductor 
shall  be  at  a  higher  potential  than  800  volts. 

Adequate  precautions  shall  also  be  taken  to  ensure  that  no  accumu- 
lation of  water  shall  take  place  in  any  part  of  the  conduit,  and  to 
prevent  any  dangerous  access  of  moisture  to  the  conductors  or  the 
insulators. 

In  the  case  of  any  such  electric  lines  laid  in  conduits  after  the  date 
of  these  regulations,  the  insulators  shall  be  so  disposed  that  they  can 
be  readily  inspected. 

(82)  Every  portion  of  any  high-pressure  electric  line  placed  above 
the  surface  of  the  ground,  or  in  any  subway  not  in  the  sole  occupa- 
tion of  the  Undertakers,  shall  be  completely  enclosed  either  in  a  tube 
of  highly  insulating  material  embedded  in  brickwork,  masonry,  or 
cement  concrete,  or  in  strong  metal  casing  efficiently  connected  with 
earth. 

(88)  Where  any  high-pressure  electric  line  is  laid  beneath  the 
surface  of  the  ground,  efficient  means  shall  be  taken  to  render  it 
impossible  that  the  surface  of  the  ground  or  any  neighbouring  electric 
line  or  conductor  shall  become  charged  by  leakage  from  the  high- 
pressure  electric  line. 

Street  Boxes, 

(84)  In  addition  to  the  provisions  contained  in  Regulation  27  as  to 
the  construction  of  receptacles  for  electric  lines,  the  following  regula- 
tions shall  be  observed  with  respect  to  the  construction  of  street 
boxes : — 

(a)  The  covers  of  all  street  boxes  shall  be  so  secured  that  they 
cannot  be  opened  except  by  means  of  a  special  appliance. 

(b)  The  covers  of  all  street  boxes  containing  high -pressure 
apparatus  other  than  cables  shall  be  connected  to  strips  of  metal 
laid  immediately  underneath  the  adjacent  roadway,  and  efficient 
means  shall  be  taken  to  render  it  impossible  that  the  covers  or 
other  exposed  parts  of  these  boxes,  or  any  adjacent  material 
forming  the  surface  of  the  street,  shall  become  electrically 
charged,  whether  by  reason  of  leakage,  defect,  or  otherwise. 

(c)  Where  street  boxes  are  used  as  transformer  chambers,  reason- 
able means  shall  be  taken  to  prevent  as  far  as  possible  any  influx 
of  water,  either  from  the  adjacent  soil  or  by  means  of  pipes,  and 
in  the  case  of  any  such  street  box  exceeding  one  cubic  yard  in 
capacity,  ample  provision  shall  be  made,  by  ventilation  or  other* 
wise,  for  the  immediate  escape  of  any  gas  which  may  by  accident 
have  obtained  access  to  the  box,  and  for  the  prevention  of  danger 
from  sparking. 
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(i)  All  street  boxes  phall  be  regularly  inspected  for  the  presence  of 
gas,  and  if  any  influx  or  accumulation  is  discovered,  the  Under- 
takers shcJl  give  immediate  notice  to  the  authority  or  company 
whose  gas  mains  are  laid  in  the  neighbourhood  of  the  street  box. 

Transforming  Stations, 

(85)  Transforming  stations  or  points  in  a  system  of  distribution,  in 
which  a  high-pressure  supply  is  transformed  for  the  purpose  of  supply 
to  consumers,  and  which  are  not  on  the  consumer's  premises,  shall  be 
established  in  suitable  places  which  are  in  the  sole  occupation  and 
charge  of  the  Undertakers. 

Consumer's  Premises, 

(86)  The  Undertakers  shall  be  responsible  for  all  electric  lines, 
fittings,  and  apparatus  belonging  to  them,  or  under  their  control, 
which  may  be  upon  a  consumer's  premises,  being  maintained  in  a  safe 
condition  and  in  cJl  respects  fit  for  supplying  energy. 

(87)  In  delivering  the  energy  to  a  consumer's  terminals  the 
Undertakers  shall  exercise  all  due  precautions  so  as  to  avoid  risk  of 
causing  fire  on  the  premises. 

(88)  A  suitable  safety  fuse  or  other  automatic  disconnector  shall  be 
inserted  in  each  service  line  within  a  consumer's  premises  as  close  as 
possible  to  the  point  of  entry,  and  contained  within  a  suitable  locked  or 
sealed  receptacle  of  fireproof  construction,  except  in  cases  where  the 
service  line  is  protected  by  fuses  in  a  street  box. 

(89)  All  electric  lines  and  apparatus  placed  on  a  consumer's 
premises  shall  be  highly  insulated  and  thoroughly  protected  against 
injury  to  the  insulation  or  access  of  moisture,  and  any  metal  forming 
part  of  the  electric  circuib  shall  not  unless  efficiently  connected  with 
earth  be  exposed  so  that  it  can  be  touched.  All  electric  lines  shall 
be  so  fixed  and  protected  as  to  prevent  the  possibility  of  electrical 
discharge  to  any  adjacent  metallic  substance. 

(40)  Where  the  general  supply  of  energy  is  a  high  pressure  supply, 
and  transforming  apparatus  is  installed  on  a  consumer's  premises,  the 
whole  of  the  high-pressure  service  lines,  conductors,  and  apparatus, 
including  the  transforming  apparatus  itself,  so  far  as  they  are  on  the 
consumer's  premises,  shall  be  completely  enclosed  in  solid  walls,  or  in 
strong  metal  casing  efficiently  connected  with  earth  and  securely 
fastened  throughout. 

(41)  The  Undertakers  shall  not  coimect  the  wires  and  fittings  on  a 
consumer's  premises  with  their  mains  unless  they  are  reasonably 
satisfied  that  the  connection  would  not  cause  a  leakage  from  those 
wires  and  fittings  exceeding  one  ten-thousandth  part  of  the  maximum 
supply  current  to  the  premises  ;  and  where  the  Undertakers  decline 
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to  make  such  connection  they  shall  serve  upon  the  consumer  a  notice 
stating  their  reasons  for  so  declining. 

(42)  If  the  Undertakers  are  reasonably  satisfied,  after  making  all 
proper  examination  by  testing  or  otherwise,  that  a  leakage  exists  at 
some  part  of  a  circuit  of  such  extent  as  to  be  a  source  of  danger,  and 
that  such  leakage  does  not  exist  at  any  part  of  the  circuit  belonging 
to  the  Undertakers,  then  and  in  such  case  any  officer  of  the  Under- 
takers, duly  authorised  by  them  in  writing,  or,  if  the  Undertakers  so 
require,  an  electric  Inspector,  may,  for  the  purpose  of  discovering 
whether  the  leakage  exists  at  any  part  of  a  circuit  within  or  upon  any 
consumer's  premises,  by  notice  require  the  consumer  at  some  reason- 
able time  after  the  service  of  the  notice  to  permit  him  to  inspect  and 
test  the  wires  and  fittings  belonging  to  the  consumer  and  forming 
part  of  the  circuit. 

In  any  case  where  the  Undertakers  require  the  services  of  an 
electric  Inspector  under  this  regulation  they  shall  pay  him  the 
prescribed  fee. 

If  on  such  testing  the  officer  or  the  electric  Ini^pector  discovers  a 
leakage  from  the  consumer's  wires  exceeding  one-ten-thousandth  part 
of  the  maximum  supply  current  to  the  premises,  or  if  the  consumer 
does  not  give  all  due  facilities  for  inspection  and  testing,  the  Under- 
takers shall  forthwith  diecontinue  the  supply  of  energy  to  the  premises 
in  question,  giving  immediate  notice  of  the  discontinuance  to  the 
consumer,  and  shall  not  re- commence  the  supply  until  they  are 
reasonably  satisfied  that  the  leakage  has  been  removed.  This  regula- 
tion shall  not  affect  any  power  contained  in  the  Order  or  otherwise 
enabling  the  Undertakers  to  discontinue  the  supply. 

(43)  If  any  consumer  is  dissatisfied  with  the  action  of  the  Under- 
takers in  refusing  to  give  or  in  discontinuing  or  in  not  re-commencing 
the  supply  of  energy  to  his  premises,  the  wires  and  fittings  of  that 
consumer  may,  on  his  application  and  on  payment  of  the  prescribed 
fee,  be  tested  for  the  existence  of  leakage  by  an  electric  Inspector. 

This  regulation  shall  be  endorsed  on  every  notice  given  under  the 
provisions  of  either  of  the  two  last  preceding  regulations. 

Arc  Lighting, 

(44)  All  arc  lamps  shall  be  so  guarded  as  to  prevent  pieces  of 
Ignited  carbon  or  broken  glass  falling  frcm  them,  and  shall  not  be 
used  in  situations  where  there  is  any  danger  of  the  presence  of 
explosive  dust  or  gas. 

(45)  Arc  lamps  used  in  any  street  for  public  lighting  Eball  be  so 
fixed  as  not  to  be  in  any  part  at  a  less  height  than  10ft.  frcm  the 
ground. 

(46)  Arc  lamps  used  in  any  street  for  private  lighting  shall  be  fixed 
BO  as  not  to  be  in  any  part  at  a  less  height  that  8ft.  from  the  ground, 
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and  shall  be  bo  screened  as  to  prevent  risk  of  contact  with  persons.  A 
cut-off  switch,  fixed  in  a  suitable  locked  receptacle,  shall  be  provided 
for  every  high -pressure  arc  lamp,  and  such  switch  shall  be  of  such 
pattern  and  construction  as  will  provide — 

(a)  That  the  lamp  can  by  its  means  be  entirely  disconnected  from 

the  supply  circuit. 
(h)  That  the  switch  itself  can  be  safely  operated  in  the  dark  without 

special  precautions ;  and 
(c)    That    there   shall  be  no  danger  of  any  injurious    electrical 
arcing,  sparking,  or  heating  being  caused  by  the  operation  of  the 
switch. 
(47.)  If  the  Undertakers  make  default  In  complying  with  any  ef 
the  preceding  regulations,  they  shall  on  conviction  be  liable  to  a  penalty 
not  exceeding  d£10  for  every  such  default,  and  to  a  daily  penalty  not 
exceeding  JglO. 

The  recovery  of  a  penalty  under  these  regulations  shall  not 
affect  the  liability  of  the  Undertakers  to  make  compensation  in 
respect  of  any  damage  or  injury  which  may  be  caused  by  reason  of  the 
default. 


B. — Regulations  for  ensuring  a  Proper  and  Sufficient  Supply 

OF  Electrical  Energy 

(1)  Forty-eight  hours  at  least  before  the  Undertakers  are  ready 
to  commence  to  supply  energy  through  any  feeding,  charging,  or 
distributing  main,  they  shaJl  give  public  notice  of  their  intention  to 
commence  each  supply.* 

(2)  From  and  after  the  time  when  the  Undertakers  commence 
to  supply  energy  through  any  distributing  main,  they  shall 
maintain  a  supply  of  sufficient  power  for  the  use  of  all  the 
consumers  for  the  time  being  entitled  to  be  supplied  from 
such  main ;  and  such  supply  shall,  except  so  far  as  may  be 
otherwise  agreed  upon  from  time  to  time  between  thef  County 
Gouncil:(  and  the  Undertakers,  be  constantly  maintained.  Provided 
that,  for  the  purposes  of  testing,  or  for  any  other  purposes 
connected  with  the  efficient  working  of  the  undertaking,  the 
Authority  by  whom  the  electric  Inspector  is  appointed  may  give 
permission  to  the  Undertakers  to  discontinue  the  supply  at  such 
intervals  of  time  and  for  such  periods  as  that  Authority  may 
think   expedient.      When   the    supply   is    so    discontinued,  publio 

*  Or  "  serve  a  notice  upon  the  County  Council  and  the  Local  Authority  " 
in  the  case  of  companies  in  London. 

t  Or  «the  Local  Authority  and  the  Undertakers"  in  the  case  of  old  com- 
panies in  the  provinces. 

I  Insert  "  the  Local  Authority  "  in  the  case  of  companies  in  the  provinces. 
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notice  shall  be*  given  of  such  disoontinuanoe,  and  of  the  probable 
duration  thereof. 

(8)  The  system  of  distributing  mains  shall  be  so  arranged  that  in 
case  it  becomes  necessary  to  stop  the  supply  through  any  portion  of 
a  main  for  more  than  one  hour,  for  the  purposes  of  repairs,  or  for 
any  other  reason,  the  stoppage  of  supply  will  in  no  case  exceed  in 
amount  a  maximum  power  of  200,000  watts,  or  extend  to  the 
premises  of  more  than  eighty  consumers,  and  in  the  case  of  every 
stoppage  for  more  than  one  hour  reasonable  notice  shall  be  previously 
given  by  the  Undertakers  to  every  consumer  affected  thereby  except 
in  cases  of  emergency. 

(4)  During  the  whole  of  the  period  when  a  supply  of  energy  is 
required  to  be  maintained  by  the  Undertakers  in  the  distributing  mains 
under  the  Order  and  these  regulations,  it  shall  be  maintained  at  a 
constant  pressure,  in  these  regulations  termed  the  '*  standard 
pressure  ; "  but  the  standard  pressure  may  be  different  for  different 
portions  of  the  distributing  mains.  Provided  that  the  Undertakers 
shall  be  deemed  to  have  complied  with  the  requirements  of  this 
regulation  so  long  as  the  pressure  does  not  at  any  point  vary  more  than 
2  per  cent,  from  the  corresponding  standard  pressure  in  the  case  of  a 
general  supply  at  high  pressure,  or  8  per  cent,  in  other  cases 
unless  changes  in  pressure  recur  so  frequently  as  to  cause  unsteadiness 
in  the  supply. 

(5)  The  standard  pressure  shall  be  fixed  by  the  Undertakers,  and 
public  notice  of  the  amount  of  such  standard  pressure  shall  be  given 
before  the  Undertakers  commence  to  supply  energy  to  consumers, 
and  such  standard  pressure  shall  not  be  altered  exceptf  with  the 
approval  of  the  County  Council,  and  upon  such  terms  and  conditions 
asl  the  County  Council  §  may  impose,  and  after  public  notice  has 
been  given,  during  a  period  of  one  month||  of  the  intention  of  the 
Undertakers  to  apply  for  such  approval.  If  the  County  Council  refuse 
to  approve  such  alterations  or  impose  any  terms  or  conditions  with 
which  the  Undertakers  are  dissatisfied,  the  Undertakers  may  appeal 
to  the  Board  of  Trade,  whose  decision  shall  be  final. 

*'  Provided  that  so  long  as  effect  is  given  to  the  next  following 

*  "  forthwith  served  upon  the  County  Council  and  the  Local  Authority  *' 
in  the  case  of  old  companies  in  London ;  or  '*  the  Local  Authority  "  in  the 
provinces. 

t "  By  permission  of  the  Board  of  Trade  "  in  the  case  of  new  schemes  by 
Local  Authorities  in  the  provinces. 

t  «  Board  of  Trade  "  in  cases  cited  in  (2). 

$  or  "  Local  Authority  "  in  the  provinces. 

II  **  to  the  County  Council "  in  London ;  or  "  the  Local  Authority  **  in  the 
provinces ;  *4n  such  manner  as  the  County  Council "  or  '*  Local  Authority  " 
may  require.  In  the  case  of  new  schemes  by  Local  Authorities  in  the  pro- 
vinces, read  "  Board  of  Trade/' 


Fresaure  of  Supply:  511 

regnlaiion  the  Undertakers  shall  not  be  bound,  under  this  regulation 
or  any  regulation  corresponding  thereto,  previously  made,  to  comply 
with  any  condition  which  has  been  or  may  be  imposed  thereunder,  the 
effect  of  which  is  to  prohibit  any  change  in  the  pressure  of  the  supply 
to  any  premises  except  with  the  consent  of  the  consumer." 

(6)  Before  commencing  to  give  a  supply  of  energy  to  any 
consumer,  the  Undertakers  shall  declare  to  such  consumer  the 
constant  pressure  at  which  they  propose  to  supply  energy  at  his 
terminals.  The  pressure  so  declared  at  any  pair  of  a  consxmier's 
terminals  shall  not  at  any  time  be  altered  or  departed  from 
except  in  consequence  of  any  authorised  alteration  of  the  corre- 
sponding standard  pressure.  In  the  case  of  a  transformation 
of  energy  on  the  consumer*s  premises,  the  Undertakers  shall 
give  the  consumers  the  choice  of  a  supply  at  either  of  two 
different  pressures,  one  of  which  shall  be  approximately  half  the 
other,  and  in  such  case  the  pressure  so  chosen  by  the  consumer 
shall  be  the  declared  constant  pressure. 

*VBut  where  the  consumer  withholds  his  consent  after  the  Under- 
takers have  offered  to  comply  with  the  general  terms  and  conditions 
imposed  by  the  Local  Authority,*  and,  if  not  required  to  do  so  under 
those  terms  and  conditions,  also  to  pay  the  reasonable  cost  of  or  inci- 
dental to  the  change  (including  compensation  for  any  loss  or  damage 
incurred  in  consequence  of  the  change),  the  Undertakers  may  appeal 
to  the  Board  of  Trade,  and  that  Board  may,  if  they  think  fit,  give 
their  consent  to  the  change  on  such  terms  and  conditions  as  they 
impose,  and  the  consent  of  the  Board  so  given  shall  for  the  purpose 
of  this  regulation  have  the  same  effect  as  the  consent  of  the 
consumer. 

The  Board  of  Trade  may,  if  they  think  it  necessary  in  any  case, 
refer  to  a  single  arbitrator  appointed  by  them  to  determine  what 
terms  and  conditions  it  would  be  proper  to  impose  under  this  pro- 
vision in  case  the  consent  of  the  Board  is  given. 

Any  such  arbitration  shall  be  subject  to  the  like  provisions  as  an 
arbitration  in  pursuance  of  a  special  Act  under  Part  I.  of  the  Board 
of  Trade  Arbitrations,  &c..  Act,  1874,  and  shall  also  be  subject  to  the 
provisions  of  the  Arbitration  Act,  1889,  as  if  the  arbitration  were 
pursuant  to  a  submission,  except  that  the  powers  under  the  last- 
mentioned  Act  with  respect  to  the  costs  of  the  reference  and  award 
shall  be  exercised  by  the  Board  of  Trade  instead  of  by  the 
arbitrator. 

Provided  that  no  change  shall  be  made  in  the  pressure  of  the  supply 
to  any  premises  which  at  the  date  of  these  regulations  are  supplied 

*  In  the  case  of  Local  Authorities  in  the  Provinces  read  *' Board  of 
Trade  "  instead  of  "  Local  Authority,"  and  in  the  case  of  London  read 
«« County  OounoU," 
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with  energy  by  the  Undertakers  except  with  the  consent  of  the  con- 
Burner.'^' 

(7)  The  variation  of  pressure  at  any  consumer's  terminals  shall  not 
under  any  conditions  of  the  supply  which  the  consumer  is  entitled  to 
receive  exceed  4  per  cent,  from  the  declared  constant  pressure. 

(8)  If  the  Undertakers  make  default  in  complying  with  any  of 
these  regulations  as  to  supply,  they  shall,  subject  to  the  provisions  of 
the  Order,  be  liable  on  conviction  to  a  penalty  not  exceeding  £5  for 
every  such  default,  and  to  a  daily  penalty  not  exceeding  £5, 

These  regulations  are  made  subject  to  the  power  of  the  Board  of 
Trade  to  make  such  further  or  other  regulations  as  they  may  think 
expedient;  and  nothing  in  these  regulations  shall  be  construed  to 
authorise  the  Undertakers  to  lay  any  electric  line  or  work  their  under- 
taking otherwise  than  in  accordance  with  the  Order  and  the  principal 
Act,  or  to  supply  energy  otherwise  than  by  a  system  for  the  time 
being  approved  of  by  the  Board  of  Trade  under  the  Order. 

These  are  the  regulations  and  conditions  for  securing  the  safety  of 
the  public  and  for  ensuring  a  proper  and  sufficient  supply  of  electrical 
energy,  made  by  the  Board  of  Trade  under  the  provisions  of  the 
Electric  Lighting  Acts,  1882  and  1888,  and  of  the 

,  referred  to  in  the  letter  from  the  Board  of  Trade 
to  the  ,  of  the  day  of 

one  thousand  eight  hundred  and  ninety-  ,  and  that  date  shall 

be  deemed  to  be  the  date  of  these  regulations. 


Assistant  Secretary, 

Board  of  Trade 


*  This  proviso  is  deleted  in  now  schemes, 
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ELECTRIC  LIGHTING  ACTS,  1882  to  1890. 

Bulbs  icadb  bt  thb  Boabd  of  Tradb  with  bbspbgt  to  Applica- 
tions   FOB    LiGBNCBS    AND    FbOVISIONAL    ObDERS,     &€. 

Consent  of  Local  Authorities, 

Bule  I. — No  application  for  a  licence  or  for  the  renewal  of  a  licence 
will  be  entertained  unless  proof  of  the  consent  to  such  application  of 
every  local  authority  having  jurisdiction  within  the  proposed  area  of 
supply  is  given  to  the  Board  of  Trade. 

Bule  II. — No  application  for  a  provisional  order  (other  than  an 
application  from  the  local  authority  of  the  district)  will  be  entertained 
by  the  Board  of  Trade  unless  proof  of  the  consent  of  every  local 
authority  having  jurisdiction  within  the  proposed  area  of  supply  to  the 
grant  of  the  order,  or  a  request  from  the  applicants  asking  the  Board 
of  Trade  to  dispense  with  the  consent  of  such  local  authorities  as 
have  not  consented  and  giving  the  reasons  for  such  request,  is 
deposited  with  the  Board  of  Trade  within  the  time  limited  for  proving 
compliance  with  the  provisions  of  the  Electric  Lighting  Acts  and 
these  rules. 

Bule  III. — At  the  time  of  proving  the  consent  of  the  local  authority 
to  an  application  for  a  licence  or  renewal  of  a  licence  or  to  the 
grant  of  a  provisional  order,  the  applicants  must  deposit  with  the 
Board  of  Trade  copies  of  any  agreement  entered  into  with  the  local 
authority  relating  to  such  consent. 

Bule  lY. — ^Where  the  consent  of  any  local  authority  is  required  to 
any  application  for  a  licence  or  the  renewal  of  a*  licence  or  to  the 
grant  of  a  provisional  order,  such  consent  must  be  given  by  a  resolu- 
tion passed  at  a  meeting  of  the  local  authority  held  after  previous 
notice  of  the  same  and  of  the  purpose  thereof  has  been  given  in  the 
manner  in  which  notices  of  meetings  of  such  local  authority  are 
usually  given ;  and  the  fact  that  such  a  resolution  was  duly  passed 
must  be  proved  by  a  certificate  signed  by  the  secretary  or  clerk  to  such 
local  authority  reciting  copies  of  the  notice  and  of  the  resolution,  and 
declaring  that  the  notice  was  duly  given  and  the  resolution  duly 
passed. 

EK 
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Notice*. 

Bale  V. — Any  local  anthority,  company,  or  person  intending  to 
apply  for  a  licence  or  provisional  order  must  at  the  time  of  lodging 
their  memorial  with  the  Board  of  Trade  in  the  case  of  a  licence,  and 
on  or  before  the  Ist  November  in  the  case  of  a  provisional  order, 
give  notice  in  writing  of  their  intended  application  to  every  local 
authority,  company,  or  person  authorised  to  supply  electricity  under 
statutory  powers  within  the  district  to  which  the  proposed  applica- 
tion refers. 

Bule  VI. — Except  in  the  case  of  an  application  by  the  local  anthority 
for  the  district  a  provisional  order  will  not  be  granted  by  the  Board  of 
Trade  except  to  the  body  or  person  by  whom  the  notice  required 
by  section  4,  sub-section  1,  of  the  Electric  Lighting  Act,  1882,  was 
given. 

Bule  yil. — In  any  case  where  a  local  authority,  company,  or 
person  is  required  by  the  Acts  to  give  notice  to  the  local  authority  of 
the  district,  ^*  in  such  manner  as  the  Board  of  Trade  may  direct  or 
approve,"  such  notice  must  be  given  in  writing,  and  must  be  served, 
either  by  leaving  the  same  at  the  offices  of  the  said  local  authority  on 
or  before  the  appointed  day  or  by  forwarding  the  same  by  post  in  a 
registered  letter,  so  that  the  same  would  in  ordinary  course  of  post 
be  delivered  on  or  before  the  appointed  day. 

Application  and  Depont*, 

Bule  yill. — Every  application  for  a  licence  or  provisional  order 
must  be  made  by  memorial  signed  or  sealed  by,  or  on  behalf  of,  the 
applicants,  headed  with  a  short  title  descriptive  of  the  proposed  under- 
taking (corresponding  with  that  at  the  head  of  the  advertisement 
hereinafter  mentioned,  see  Bule  XIII.),  addressed  to  the  Board  of 
Trade.  With  the  memorial  must  be  deposited  six  copies  of  the  draft 
licence  or  order,  as  applied  for,  with  the  schedule  or  schedules  (if  any) 
referred  to  therein. 

Bule  IX. — The  deposited  copies  of  the  draft  licence  or  order  must 
be  in  print.  They  must  be  printed  on  one  side  only  and  each  schedule 
annexed  must  begin  a  new  page. 

The  names  and  addresses  of  the  parliamentary  agents  or  solicitors 
for  the  licence  or  order  must  be  printed  on  the  outside  of  the  draft. 

There  must  be  a  notice  at  the  end  of  the  draft  stating  that  objec- 
tions are  to  be  made  by  letter  addressed  to  the  Board  of  Trade, 
marked  on  the  outside  of  the  cover  enclosing  it  "  Electric  Lighting 
Acts,"  and  that  such  letter  is  to  be  sent  to  the  Board  of  Trade  in  the 
case  of  a  provisional  order  on  or  before  the  15th  January  next 
ensuing,  and  in  the  case  of  a  licence  within  two  months  from  the  date 
of  the  newspaper  containing  the  first  advertisement  of  the  application, 
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and  that  a  copy  of  Btioh  objections  is  to  be  forwarded  to  the  parlia- 
mentary agents  or  solicitors  for  the  licence  or  order. 
The  draft  must  contain  among  other  things — 

1.  The  address  and  description  of  the  applicants. 

2.  A  description  of  the  proposed  area  of  sapply. 

"^3.  A  statement  of  the  parposes  for  which  a  supply  is  to  be  given, 
viz.,  any  or  all  of  the  public  or  private  purposes  specified  in  section  3 
of  the  Electric  Lighting  Act,  1882. 

^^4.  Provisions  concerning  the  breaking  up  of  streets,  railways,  and 
tramways,  where  powers  are  sought  to  be  obtained  by  the  licence  or 
order  for  those  purposes. 

^^'5.  Conditions  of  supply. 

'•'6.  Provisions  for  securing  the  safety  of  the  consumer  and  of  the 
public  from  injury  by  shock,  fire,  or  otherwise. 

'''7.  Provisions  for  enforcing  the  performance  by  the  undertakers  of 
their  duties  in  relation  to  the  supply  of  electricity  and  for  the  revoca- 
tion of  the  licence  or  order  where  the  undertakers  fail  to  perform 
such  duties. 

The  applicants  must  also  deposit  a  sufficient  number  of  printed 
copies  of  the  draft  licence  or  order  at  offices  in  London  and  within  the 
proposed  area  of  supply  to  be  specified  in  the  advertisement  herein- 
after mentioned — see  Bule  XIII. — ^such  copies  to  be  there  furnished  to 
all  persons  applying  for  them,  at  a  price  of  not  more  than  one  shilling 
each. 

Bule  X. — ^The  applicants  must  also  deposit  at  the  Board  of  Trade  a 
published  map  of  the  district  on  a  scale  of  not  less  than  6in.  to  a  mile, 
or  if  there  is  no  published  map,  then  the  best  map  procurable,  showing 
the  boundaries  of  the  proposed  area  of  supply,  and  the  streets  in 
which  it  is  proposed  that  electric  lines  should  be  laid  down  within  a 
specified  time — 

They  must  also  deposit  a  copy  of  the  said  map  for  public 
inspection — 

In  England  or  Ireland,  in  the  office  of  the  clerk  of  the  peace  for 

every  county,  riding,  or  division,  and  of  the  local  authority  of 

every  district. 
In  Scotland,  in  the  office  of  the  principal  sheriff  clerk,  for  every 

county,  district,  or  division,  and  of  the  local  authority  of  every 

district 

in  which  the  proposed  area  of  supply  or  any  part  thereof  is  situate. 

Such  deposits  must  be  made  in  the  case  of  a  licence  when  the 
memorial  is  lodged,  and  in  the  case  of  a  provisional  order  on  or  before 
the  30th  November. 

*  These  particulars  must  not  be  set  out  at  length  in  draft  orders,  but 
must  be  provided  for  by  the  incorporation  of  the  Electric  Lighting 
(Glauses)  Act,  1899. 

KK  2 
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Bule  XI.— There  must  also  be  deposited  wiih  the  memorial— 

1.  A  list  of  the  local  authorities  ia  whose  districts  the  area  of  sapply 
is  situate. 

2.  A  list  of  the  local  authorities,  companies,  or  persons  (if  any) 
anthorised  to  supply  electricity  under  statutory  powers  within  the 
area  of  supply. 

3.  A  list  of  the  streets  not  repairable  by  a  local  authority  and  of 
the  railways  and  tramways  (if  any)  which  the  applicants  propose  to 
take  powers  to  break  up. 

4.  A  list  of  the  canals  and  navigable  rivers  (if  any)  within  the 
proposed  area  of  supply. 

5.  In  the  case  of  an  application  by  a  local  authority,  a  statement  of 
particulars  on  the  following  points : — 

(a)  The  sums  proposed  to  be  expended  on  the  undertaking : 

(6)  Whether  it  is  proposed  to  raise  a  loan  for  the  purposes  of 

the  undertaking : 
(c)  The  present  rateable  value  of  the  district : 
{d)  The  amount  of  existing  indebtedness  and  borrowing  powers 

of  the  applicants  for  all  purposes ;  and 
(e)  The  amount  of  existing  rates  in  the  pound. 

In  the  case  of  an  application  otherwise  than  by  a  local  authority, 
a  statement  of  the  capital  proposed  to  be  expended  and  employed 
in  connection  with  the  xmdertaking,  and  the  mode  in  which  such 
capital  is  to  be  provided. 

6.  If  the  applicants  are  a  company  incorporated  under  the  provisions 
of  the  Ck)mpanies  Acts,  a  copy  of  the  memorandum  and  articles  of 
association. 

7.  A  fee  of  £50  by  cheque,  payable  to  an  "  Assistant  Secretary  of 
the  Board  of  Trade,"  to  cover  ordinary  expenses.  If,  in  consequence 
of  inquiries  or  otherwise,  additional  expense  is  incurred,  the  amoimt 
will  be  charged  to  the  applicants  and  must  be  paid  by  them  in  addition 
to  the  ordinary  fee. 


Applications  under  Section  18  of  Electric  Lighting  Act^  1882. 

Bule  XII. — ^Where  the  undertakers  under  any  licence,  order,  or 
Special  Act  desire  the  written  consent  of  the  Board  of  Trade  under 
section  18  of  the  Electric  Lighting  Act,  1882,  to  enable  them  to  break 
up  any  street  not  repairable  by  a  local  authority  or  any  railway  or 
tramway  which  they  are  not  empowered  to  break  up  under  such 
licence,  order,  or  Special  Act,  application  for  such  consent  must  be 
made  by  memorial,  and  the  memorial  must  specially  request  such 
consent,  and  must  describe  accurately  the  street,  railway,  or  tramway 
which  they  propose  to  acquire  power  to  break  up. 


Procedure.  5  it 

Procedure. 

Bnle  XIII. — Applicants  for  a  licence  or  provisional  order  must 
proceed  as  follows,  subject  in  the  case  of  a  licence  to  the  application 
having  been  previonslj  entertained  by  the  Board  of  Trade,  vide 
Rule  I.  :— 

They  must  publish  notice  by  advertisement  of  their  application, 
or  in  the  case  of  a  provisional  order,  of  their  intended  application, 
and  every  such  advertisement  must  contain  the  following  par- 
ticulars : — 

1.  The  objects  of  the  application. 

2.  The  address  and  description  of  the  applicants. 
8.  A  description  of  the  proposed  area  of  supply. 

4.  The  names  of  the  streets  in  which  it  is  proposed  that  electric 
lines  should  be  laid  down  within  a  specified  time. 

5.  A  list  of  the  streets  not  repairable  by  a  local  authority  and  of 
the  railways  and  tramways  (if  any)  which  the  appliccmts  propose  to 
take  powers  by  the  licence  or  order  to  break  up. 

6.  The  address  of  an  office  in  London,  and  another  office  within 
the  proposed  area  of  supply,  at  which  printed  copies  of  the  draft 
licence  or  order  when  applied  for,  and  of  the  licence  or  order  when 
made,  can  be  obtained  at  a  price  of  not  more  than  one  shilling  each. 

The  advertisement  must  be  headed  with  a  short  title,  descriptive 
of  the  undertaking  (corresponding  with  that  at  the  head  of  the 
memorial)^  and  it  must  state  that  every  local  or  other  public  authority, 
company,  or  person  desirous  of  bringing  before  the  Board  of  Trade  any 
objection  respecting  the  application  must  do  so  by  letter  addressed  to 
the  Board  of  Trade,  marked  on  the  outside  of  the  cover  enclosing  it, 
**  Electric  Lighting  Acts,"  in  the  case  of  a  provisional  order  on  or 
before  the  15th  January  next  ensuing,  and  in  the  case  of  a  licence 
within  two  months  from  the  date  of  the  newspaper  containing  the 
first  advertisement,  and  that  a  copy  of  such  objection  must  also  be 
forwarded  to  the  parliamentary  agents  or  solicitors  for  the  licence  or 
order. 

The  advertisement  must  be  inserted  once  at  least  in  each  of  two 
successive  weeks  in  one  and  the  same  newspaper,  published  and 
circulating  in  the  proposed  area  of  supply,  or  in  such  other  newspaper 
as  the  Board  of  Trade  may  direct ;  and  once  at  least  in  the  London, 
Edinburgh,  or  Dublin  Gazette,  accordingly  as  the  proposed  area  of 
supply  is  situate  in  England,  Scotland,  or  Ireland. 

Bule  XIY. — If  any  local  or  other  public  authority,  company,  or 
person  desires  to  bring  before  the  Board  of  Trade  any  objection 
respecting  an  application  for  a  licence  or  a  provisional  order,  they 
must  do  so  by  letter  addressed  to  the  Board  of  Trade,  marked  on  the 
outside  of  the  cover  enclosing  it,  *'  Electric  Lighting  Acts,"  in  the 
case  of   a  provisional  order  on   or  before  the   15th  January   next 
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enBuing,  and  in  the  case  of  a  licence  within  two  months  from  the 
date  of  the  newspaper  containing  the  first  advertisement  of  the 
application.  A  copy  of  the  objection  must  also  be  served  upon  the 
parliamentary  agents  or  solicitors  for  the  licence  or  order.  If  any 
local  or  other  public  authority,  company,  or  person  desires  to  have 
any  clauses  or  other  amendments  inserted  in  the  licence  or  orden 
they  must  deliver  the  same  to  the  Board  of  Trade,  and  also  to  the 
parliamentary  agents  or  solicitors  for  the  licence  or  order,  on  or  before 
the  time  limited  for  bringing  objections. 

Bule  Xy. — When  a  licence  or  provisional  order  has  been  granted  by 
the  Board  of  Trade  and  delivered  to  the  applicants,  they  must  forth- 
with deposit  printed  copies  for  public  inspection  in  the  offices 
specified  in  Bule  X.,  and  must  supply  copies  to  all  persons  applying 
for  the  same,  at  a  price  of  not  more  than  one  shilling  each,  and  must 
further  publish  the  same  as  the  Board  of  Trade  may  direct. 

Bule  XVI. — Where  in  a  licence  or  provisional  order  granted  by  the 
Board  of  Trade  a  deposited  map  is  referred  to,  the  promoters  must 
within  one  month  from  the  grant  of  the  licence  or  order  deposit  at  the 
Board  of  Trade  a  published  map  on  a  scale  of  not  less  than  six  inches 
to  a  mile,  or  if  there  is  no  published  map  then  the  best  map  procurable 
showing  the  area  of  supply  coloured  to  correspond  with  the  description 
in  the  licence  or  order.  The  map  must  be  mounted  on  linen,  and  mast 
be  certified  as  correct  as  regards  their  respective  districts  by  the  clerk 
or  surveyor  to  every  local  authority  having  jurisdiction  within  the  area 
of  supply. 

Special  Provisions  as  to  Provisional  Orders, 

Bule  XVII. — In  the  case  of  provisioned  orders  the  following 
additional  regulations  must  be  observed : — 

1.  The  advertisements  must  be  inserted  in  October  or  November. 

2.  A  copy  of  the  advertisement  must  be  deposited  on  or  before 
the  80th  November  at  the  Board  of  Trade  and  at  the  offices  specified 
in  Bule  X. 

8.  The  memorial  must  be  lodged  on  or  before  21st  December. 

4.  The  parliamentary  agents  or  solicitors  for  the  order  must  be 
prepared  to  prove  compliance  with  the  provisions  of  the  Acts  and 
these  rules  by  the  15th  January,  and  all  such  proofs  must  be  completed 
on  or  before  the  22nd  February.  Six  days*  notice  will  be  given  of  the 
day  and  hour  at  which  such  agents  or  solicitors  are  to  attend  for  the 
purpose  at  the  Board  of  Trade,  and  printed  forms  of  proof  wOl 
accompany  the  notice.  These  forms  must  be  filled  up  and  brought 
with  the  requisite  documents  to  the  Board  of  Trade  at  the  time  fixed 
for  receiving  proof. 

The  Board  of  Trade,  COUBTENAY   BOYLE, 

80th  July,  1900.  Secretary. 
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NoTB. — ^When  applications  for  provisional  orders  authorising  the 
supply  of  electricity  within  the  district  of  any  local  authority  are 
received  by  the  Board  of  Trade  from,  such  local  authority,  and  also 
from  any  other  authority,  company,  or  person,  the  Board  of  Trade  will 
give  a  preference  to  tibe  application  of  the  local  authority  of  the 
district  in  every  case  where,  in  the  opinion  of  the  Board  of  Trade, 
no  special  circumstances  exist  which  render  such  a  preference 
inexpedient. 

In  oases  of  applications  for  a  licence,  renewal  of  licence,  or 
provisional  order,  to  which  objection  is  made  by  any  person  locally 
interested,  the  Board  of  Trade  will,  if  they  consider  it  expedient,  hold 
a  local  inquiry,  of  which  due  notice  will  be  given. 

These  Rules  are  in  addition  to  any  requirements  relating  to  applica- 
tions for  provisional  orders  which  are  contained  in  the  Standing  Orders 
of  Parliament. 
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PROVISIONAL    ORDER. 

(SESSION  .) 

PROVISIONAL  ORDER 

Gbantbd  bt  thb  Boabd  of  Trade  undbr  thb  Elbgtbic  LiOHTiNa 
Acts,  1882  and  1888*  to  {name  of  Undertakers) 
IN  BBBPBGT  OF  (name  of  borough  or  district  in  which  the  a/rea 
of  9upply  ia  sittuited), 

1.  This  Order  may  be  cited  as  the 
Electric  Lighting  Order,  19    • 

2.  The  provisions  contained  in  the  Schedule  to  the  Electric  Lighting 
(Clauses)  Act,  1899  (with  the  exception  of  sections  88  and  84  of  that 
Bchedale)t,  are  incorporated  with  and  form  part  of  this  Order. 

8.  The  Undertakers  for  the  purposes  of  this  Order  and  within  the 
meaning  of  section  2  of  the  Schedule  to  the  Electric  Lighting  (Clauses) 
Act,  1892,  are  the^ 

4.  The  area  of  supply  for  the  purpose  of  this  Order  and  within 
the  meaning  of  section  4  of  the  schedule  to  the  Electric  Lighting 
(Clauses)  Act,  1899,  shall  be  the  area  which  is  described  in  the  First 
Schedule  to  this  Order,  and  is  more  particularly  delineated  on  the 
map  deposited  together  with  this  Order  at  the  Board  of  Trade 
by  the  Undertakers,  and  signed  by  an  assistant  secretary  to  the  Board 
of  Trade. 

6.§  Subject  to  the  provisions  incorporated  with  this  Order,  the 
Undertakers  are  specially  authorised  by  this  Order  to  breckk  up  the 
streets  not  repairable  by  the  local  authority  which  are  mentioned  in 
the  Second  Schedule  to  this  Order,  and  the  railways  and  tramways 
which  are  also  mentioned  in  that  Schedule. 

*  In  Scotch  Orders  add  "  and  the  Electric  Lighting  (Scotland)  Act,  1890." 

t  In  Scotch  Orders  section  84  only,  in  Irish  Orders  section  88  only  must 
be  excepted. 

I  A  company  registered  under  the  Companies  Acts  should  be  so  described, 
and  the  address  of  the  registered  office  should  be  added. 

§  See  section  12  of  the  Schedule  to  the  Electric  Iiighting  (Glauses) 
Act,  1899. 
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6.  The  streets  and  parts  of  streets  thronghont  which  the  Under- 
takers are  to  lay  down  suitable  and  sufficient  distributing  mains  for 
the  purposes  of  general  supply  within  a  period  of  two  years  after 
the  commencement  of  this  Order,  as  mentioned  in  section  21  of  the 
Schedule  to  the  Electric  Lighting  (Glauses)  Act,  1899,  are  those  men- 
tioned in  the  Third  Schedule  to  this  Order. 

7.  The  maximum  prices  which  may  be  charged  by  the  Under- 
takers as  mentioned  in  section  82  of  the  Schedule  to  the  Electric 
Lighting  (Clauses)  Act,  1899,  are  those  stated  in  the  Fourth  Schedule 
to  this  Order. 

8.*  The  sum  to*  be  deposited  or  secured  in  pursuance  of  section  5  of 
the  Schedule  to  the  Electric  Lighting  (Clauses)  Act,  1899  is 

pounds. 

9.  This  Order  shall  come  into  force  upon  the  day  when  the  Act 
confirming  this  Order  is  passed,  and  that  day,  for  the  purposes  of  the 
Electric  Lighting  (Clauses)  Act,  1899,  shall  be  the  commencement  of 
this  Order. 

[N.B. — Where  an  Order  is  granted  to  a  Company  or  person 
having  overhead  wires  already  installed,  a  clause  will  be  inserted 
providing  for  their  removal  except  in  special  circumstances.] 


FIBST    SCHEDULE. 
f  Area  of  supply — 

SECOND   SCHEDULE. 

List  of  streets  not  repairable  by  the  local  authority,  railways,  and 
tramways,  which  may  be  broken  up  by  the  Undertakers  in  pursuance 
of  the  special  powers  granted  by  this  Order. 

(a)  Streets: 

(b)  Railways  :t 

(c)  Tramways : 

*  This  provision  is  not  required  in  the  case  of  an  Order  granted  to  a 
local  authority. 

t  Where  the  area  of  supply  consists  wholly  of  recognised  areas  of 
Government,  such  as  boroughs,  districts,  or  parishes,  it  will  be  described 
accordingly.  Li  other  cases  detailed  boundaries  must  be  inserted,  and  a 
provision  added,  that  in  case  of  difference  between  the  description  in  the 
Schedule  and  the  area  as  delineated  on  the  deposited  map,  the  latter  Is  to 
prevail. 

}  In  ordinary  cases  the  level  crossings  must  be  specified.  In  the  case 
of  a  light  railway  or  other  railway  running  along  the  highway  on  the  level, 
the  length  and  position  of  the  ndlway  must  be  described. 
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THIRD  SCHEDULE. 

List  of  streets  and  parts  of  streets  throughout  which  the  Under- 
takers are  to  lay  down  suitable  and  sufficient  distributing  mains  for 
the  purposes  of  general  supply,  within  a  period  of  two  years  after  the 
commencement  of  this  Order — 


FOURTH  SCHEDULE. 
Maximum    Pbicbs. 

In  this  schedule — 

The  expression  "unit"  shall  mean  the  energy  contained  in  a 
current  of  one  thousand  amperes  flowing  under  an  electro- 
motive force  of  one  volt  during  one  hour. 

Section  1. 

Where  the  Undertakers  charge  any  consumer  by  the  actual  amount 
of  energy  supplied  to  him,  they  shall  be  entitled  to  charge  him  at  the 
following  rates  per  quarter : — For  any  amount  up  to  twenty  units,  ten 
shillings ;  and  for  each  unit  over  twenty  units,  sixpence. 

Section  2. 

Where  the  Undertakers  charge  any  consumer  by  the  electrical 
quantity  contained  in  the  supply  given  to  him,  they  shall  be  entitled 
to  charge  him  according  to  the  rates  set  forth  in  section  1  of  this 
schedule,  the  amount  of  energy  supplied  to  him  being  taken  to  be  the 
product  of  that  electrical  quantity  and  the  declared  pressure  at  the 
consumer's  terminalB,  that  is  to  say,  such  constant  pressure  at  those 
terminals  as  may  be  declared  by  the  Undertakers  under  the  Board  of 
Trade  regulations. 

MODEL    DESCRIPTIONS    OF    ELECTRICITY    SUPPLY 

SYSTEMS. 

Note. — The  parts  which  are  i/nappUcable  should  be  struck  out 

(1)  A  continuous  current  direct  supply  at  a  constant  pressure  not 
exceeding volts. 

(2)  A  continuous  current  direct  supply  at  a  constant  pressure  not 

exceeding volts  across  the  outer  conductors  of  a  three- wire 

system,  the  intermediate  conductor  being,  with  the  approval  of  the 
Board  of  Trade,  connected  with  earth  at  the  generating  station,  but 
insulated  at  all  other  parts. 

(8)  A  high-pressure  continuous  current  supply  at  a  pressure  not 

exceeding volts  to  sub-stations  from  which  will   be   given 

[here  quote  (1)  or  (2),  and  describe  mode  of  transfortnation] . 
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(4)  A  high -pressure  alternating  current phase  snpply  at  a 

frequency  of  not  less  than complete  periods  per  second,  and 

at  a  pressure  not  exceeding volts  to 

(a)  transformers  placed  in  street-boxes ; 

(or)  in  sub- stations ; 

(or)  in  some  cases,  on  consumers'  premises,  but  mainly  in 
sub-stations : 

(or)  (b)  rotary  converters,  placed  in  sub- stations. 

(5)  The  sub-stations  will  be  erected  above  ground  wherever  pos- 
sible, but  where  necessarily  under  ground,  they  will  be  constructed  in 
accordance  with  plans  submitted  to  the  Board  of  Trade,  and  the 
maximum  power  supplied  to  any  such  sub- station  will  not  exceed  75 
kilowatts  without  the  written  consent  of  the  Board  of  Trade. 

(6)  From  the  transformers  or  rotary  converters  distributing  mains 
will  be  laid  for  an  alternating  current  supply  at  a  frequency  of  not  less 

than complete  periods  per  second,  and  at  a  constant  pressure 

not  exceeding volts  or  for  [quote  (1)  or  (2)]. 

(7)  The  maximum  power  supplied  to  any  transformer  placed  singly 
in  a  street-box  will  not  exceed  80  kilowatts,  and  the  vacant  space 
within  the  box  will  be  so  restricted  as  to  prevent  danger  from 
explosion. 

(8)  The  metallic  portions,  other  than  the  conductors,  of  every 
transformer  will  be  efficiently  connected  with  earth. 

(9)  At  all  times  when  the  power  supplied  to  any  rotary  converter  in 

any    sub- station   exceeds kilowatts,    an    attendant   will    be 

constantly  on  duty  in  that  station. 

MAINS. 

The  feeder  mains  to  sub-stations  will  be 

The  distributing  mains  of  the  low-pressure  network  will  be 

insulated 

lead  sheathed 

steel  armoured 

laid  directly  in  the  ground 

sepGurate 

concentric  throughout,  the  external  conductor  being,  with  the 
approval  of  the  Board  of  Trade,  connected  with  earth  at  the 
generating  station,  but  insulated  at  all  other  parts. 

two-core 

three-oore 

drawn  into 

laid  in 

pipes 
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conduits 

troagbs 

filled  in  solid  with 

bare  conductors  supported  on  insulators  in  concrete  conduits. 

Where  the  mains  cross  roads  they  will  be  drawn  into  iron  pipes. 

Efficient  means  will  be  taken  to  keep  all  pipes  and  conduits  free 
from  water  and  gas. 

All  test  and  joint-boxes  and  transformer-boxes  will  be  of  metal 
which  will  be  in  good  electrical  connection  with  the  armouring  of 
the  mains  on  each  side. 


f 
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APPENDIX   IV.— CARCEL   LAMP. 

Tablb  for  ascbrtainino  the  WBiaHT  OF  Oil  Burnbd  pbb  Hour 

FROM  Observation  of  thb  Timb  Ogcupibd  in  Burning  Tbn  Grammes. 


B< 

elation 

Belatlon 

Time 
required  to 

bam 
10  grtDB.  of 

oil. 

coDsamptioD  tJ 

per  hour.   .«  ^ 

Grma.    ^ « 

othe 
sel  lamp 
iraing 
rrms.  of 
oil 

Time 
required  to 

bom 
lOffrma.  of 

oil. 

Rate  of 

oonBumptioD 

per  hoar. 

Grma. 

to  the 
Cftroel  lamp 

baming 

42flTmi.  of 

oil 

pel 

r  hour. 

per  hoar. 

min.  sec. 

min. 

sec. 

1 

18   0 

46 

16    1 

•0989 

13 

45 

48 

64 

•0890 

18   1 

46- 

09    1 

•0975 

13 

46 

43 

58 

0377 

18   2 

46 

08    1 

0961 

13 

47 

48 

•58 

•0864 

18   8 

45' 

98    1 

0947 

13 

48 

48 

48 

0352 

18   4 

45  • 

92    1 

•0938 

18 

49 

43 

-42 

0339 

18   5 

45' 

86    1 

•0919 

13 

50 

43' 

87 

0327 

18   6 

45 

80    1 

•0905 

13 

51 

43' 

82 

0315 

18   7 

45 

74    1 

•0891 

13 

52 

48 

27 

0302 

18   8 

45 

68    1 

•0877 

13 

58 

43' 

22 

0290 

18   9 

45 

62    1 

'0864 

13 

54 

43' 

16 

0277 

18  10 

45 

•57    1 

•0850 

13 

55 

43 

11 

0265 

18  11 

45 

51    1 

•0836 

13 

56 

48' 

06 

0258 

18  12 

45 

45    1 

0823 

18 

57 

43" 

01 

0241 

18  18 

45 

40    1 

•0809 

18 

58 

42' 

96 

0228 

18  14 

45 

34    1 

•0795 

18 

59 

42 

91 

0216 

13  15 

45- 

28    1 

•0782 

14 

0 

42' 

86 

0204 

13  16 

45 

22    1 

•0768 

14 

1 

42' 

81 

0192 

18  17 

45 

16    1 

■0755 

14 

2 

42 

76 

0180 

18  18 

45' 

11    1 

•0741 

14 

8 

42' 

70 

0168 

13  19 

45 

06    1 

•0728 

14 

4 

42' 

65 

0156 

18  20 

45 

00    1 

0714 

14 

5 

42' 

60 

0144 

18  21 

44 

94    1 

•0701 

14 

6 

42 

55 

0132 

18  22 

44 

•88    1 

•0687 

14 

7 

42 

50 

0120 

18  28 

44 

83    1 

•0674 

14 

8 

42' 

45 

0108 

18  24 

44 

•78    1 

•0661 

14 

9 

42' 

40 

0096 

18  25 

44 

72    1 

•0648 

14 

10 

42- 

85 

0084 

18  26 

44 

•66    1 

•0635 

14 

11 

42 

80 

0072 

18  27 

44 

61    1 

•0621 

14 

12 

42 

25 

0060 

18  28 

44 

55    1 

•0608 

14 

18 

42' 

20 

0049 

18  29 

44 

•50    1 

•0595 

14 

14 

42' 

16 

0087 

18  80 

44' 

•46    1 

0582 

14 

16 

42' 

•10 

0026 

18  81 

44' 

•89    1 

•0569 

14 

16 

42' 

06 

0018 

18  82 

44' 

88    1 

•0556 

14 

17 

42' 

01 

0002 

18  88 

44' 

•28    1' 

•0548 

14 

18 

41 

96 

0' 

9990 

18  84 

44' 

28    1 

•0580 

14 

19 

41' 

91 

0' 

9978 

13  85 

44' 

17    1 

0517 

14 

20 

41 

86 

0' 

'9967 

18  36 

44' 

12    1 

0504 

14 

21 

41' 

'81 

0 

'9965 

18  87 

44' 

06    1 

•0491 

14 

22 

41' 

•76 

0 

•9944 

18  88 

44 

01    1 

0479 

14 

28 

41' 

•71 

0' 

9982 

18  89 

43' 

96    1 

•0466 

14 

24 

41 

'66 

0 

•9921 

18  40 

48 

90    1 

0458 

14 

25 

41 

'61 

0 

•9909 

18  41 

48' 

86    1 

•0440 

14 

26 

41 

'67 

0 

•9898 

18  42 

48 

80    1 

•0428 

14 

27 

41 

•52 

0 

•9886 

18  48 

48 

74    1 

•0415 

14 

28 

41 

•47 

0 

•9876 

18  44 

48-69    !• 

0402 

14 

29 

41-42 

0*9864 
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APPENDIX    IV.   (continued). 


Relation 

Relation 

Time 
required  to 

bum 
10  grms.  of 

oil. 

Rate  of 

coDBumption 

per  hour. 

Grms. 

to  the 
Carcel  lamp 

burning 
42  grms.  of 

oil 
per  hour. 

Time 
required  to 

bum 
10  grms.  of 

oil. 

Rate  of 

consnroptioE 

per  hour. 

Grms. 

to  the 
Carcel  Ump 

burning 
42  grms.  of 

oil 
per  hour. 

Tnin.  sec. 

min.  sec. 

14    80 

41-87 

0-9862 

15     15 

89-84 

0-9868 

14    31 

41-88 

0-9841 

16     16 

39-80 

0-9867 

14    82 

41-28 

0-9880 

16     17 

89-26 

0-9347 

14    88 

41-28 

0-9818 

15     18 

39-22 

0-9337 

14    84 

41  19 

0-9807 

15     19 

39-17 

0-9827 

14    86 

41-14 

0-9796 

15     20 

39-18 

0-9817 

14    86 

41-09 

0-9785 

16     21 

39-09 

0-9307 

14    87 

41-04 

0-9774 

15     22 

39-05 

0-9297 

14    88 

4100 

0-9762 

16     23 

39-00 

0-9286 

14    89 

40-96 

0-9751 

15     24 

38-96 

0-9276 

14    40 

40-91 

0-9740 

16     26 

38-92 

0-9266 

14    41 

40-86 

0-9729 

16     26 

88-88 

0-9266 

14    42 

40-81 

0-9718 

16     27 

38-88 

0-9246 

14    48 

40-77 

0-9707 

16    28 

88-79 

0-9236 

14    44 

40-72 

0-9696 

15     29 

88-75 

0-9226 

14    46 

40-68 

0-9685 

15     30 

38-71 

0-9217 

14    46 

40-68 

0-9674 

16    31 

38-67 

0-9207 

14    47 

40-59 

0-9668 

16     32 

38-63 

0-9197 

14    48 

40-54 

0-9658 

15     83 

38-69 

0-9187 

14    49 

40-49 

0-9642 

15     84 

38-64 

0-9177 

14     60 

40-46 

0-9631 

15     36 

88-60 

0-9167 

14     61 

40-40 

0-9620 

15     36 

38-46 

0-9158 

14    62 

40-86 

0-9609 

15     37 

38-42 

0-9148 

14    68 

40-81 

0-9598 

15     38 

88-38 

0-9138 

14    64 

40-27 

0-9588 

16    39 

88-34 

0-9128 

14    66 

40-22 

0-9677 

15     40 

38-30 

0-9119 

14    66 

40-18 

0-9566 

15     41 

38-26 

0-9109 

14     57 

40-13 

0-9566 

16     42 

38-22 

0-9099 

14     58 

40-09 

0-9545 

15    43 

88-18 

0-9090 

14    69 

4004 

0-9584 

16     44 

38-14 

0-9080 

15      0 

40-00 

0-9524 

15    45 

88-10 

0-9070 

15       1 

89-96 

0-9513 

15     46 

88-06 

0-9061 

16       2 

89-91 

0-9603 

15     47 

38-01 

0-9061 

16      8 

89-87 

0-9492 

16    48 

37-97 

0-9042 

16      4 

39-82 

0-9482 

16    49 

37-98 

0-9032 

15       6 

89-78 

0-9471 

15     50 

37-89 

0-9028 

16      6 

89-74 

0-9461 

16     61 

87-85 

0-9013 

16       7 

89-69 

0-9450 

16     52 

37-82 

0-9004 

16       8 

89-66 

0-9440 

15     53 

37-78 

0-8994 

16      9 

89-60 

0-9430 

16     64 

37-74 

0-8986 

15     10 

89-66 

0-9419 

16     55 

87-70 

0-8975 

16     11 

89-62 

0-9409 

16     66 

37-66 

0-8966 

16     12 

89-47 

0-9898 

16     67 

87-62 

0-8957 

16     18 

89-43 

0-9388 

16     58 

87-68 

0-8947 

16     14 

89-39 

0-9878 

16    69 

87 '54 

0-8938 
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APPENDIX  rV.  (continued). 

Table  for  Finding  thb  Rate  of  Consumption  of  Sperm  by  Two 
Candles  in  Ten  Minutes  from  Observation  of  the  Time 
Bequired  to  Burn  40  Grains. 


Time 

Rate  of 

Time 

Rate  of 

Time 

Rate  of 

required  to 

coosamptioD 

required  to 

oonsumptioD 

required  to 

consumption 

bam 

in 

bum 

in 

bum 

in 

40  grains. 

10  minutes. 

40  grains. 

10  minutes. 

40  grains. 

10  minutes. 

min 

.  sec. 

Grains. 

min. 

sec. 

Grains. 

min. 

sec. 

Grains. 

9 

0 

44-44 

9 

41 

41-31 

10 

21 

38-65 

9 

1 

44-36 

9 

42 

41-24 

10 

22 

88-59 

9 

2 

44-28 

9 

43 

41-17 

10 

23 

38-52 

9 

3 

44-20 

9 

44 

41  10 

10 

24 

38-46 

9 

4 

44  12 

9 

45 

41  03 

10 

25 

38-40 

9 

5 

44-04 

9 

46 

40-96 

10 

26 

88-34 

9 

6 

43-96 

9 

47 

40-89 

10 

27 

38-28 

9 

7 

43-88 

9 

48 

40-82 

10 

28 

88-22 

9 

8 

43  •  80 

9 

49 

40-75 

10 

29 

38-16 

9 

9 

43-72 

9 

50 

40-68 

10 

80 

38-10 

9 

10 

43-64 

9 

51 

40-61 

10 

81 

3803 

9 

11 

43  •  56 

9 

52 

40-54 

10 

32 

37-97 

9 

12 

43-48 

9 

53 

40-47 

10 

88 

37-91 

9 

13 

43-40 

9 

54 

40-40 

10 

84 

87-85 

9 

14 

43-32 

9 

55 

40-34 

10 

35 

37-80 

9 

15 

43-24 

9 

56 

40-27 

10 

36 

37-74 

9 

16 

43-16 

9 

57 

40-20 

10 

87 

37-68 

9 

17 

43-08 

9 

58 

40-18 

10 

88 

37-62 

9 

18 

43-01 

9 

59 

4007 

10 

89 

87-66 

9 

19 

42-93 

10 

0 

40-00 

10 

40 

37-50 

9 

20 

42-85 

10 

1 

39-94 

10 

41 

37-44 

9 

21 

42-78 

10 

2 

39-87 

10 

42 

87-88 

9 

22 

42-70 

10 

3 

39-80 

10 

43 

87-82 

9 

23 

42-63 

10 

4 

39-74 

10 

44 

37-26 

9 

24- 

42-55 

10 

5 

39-67 

10 

45 

37-21 

9 

25 

42-48 

10 

6 

39-60 

10 

46 

37-15 

9 

26 

42-40 

10 

7 

39-54 

10 

47 

3709 

9 

27 

42-33 

10 

8 

39-47 

10 

48 

37-08 

9 

28 

42-25 

10 

9 

39-40 

10 

49 

36-98 

9 

29 

42-18 

10 

10 

39-34 

10 

60 

36-92 

9 

30 

42-11 

10 

11 

39-28 

10 

51 

36-87 

9 

81 

42-03 

10 

12 

39-21 

10 

52 

36-81 

9 

32 

41-96 

10 

13 

89-15 

10 

58 

36-75 

9 

33 

41-88 

10 

14 

8909 

10 

54 

36-70 

9 

34 

41-81 

10 

15 

39-02 

10 

65 

36-64 

9 

35 

41-74 

10 

16 

38-96 

10 

56 

86-69 

9 

36 

41-67 

10 

17 

38-90 

10 

57 

86-58 

9 

37 

41-60 

10 

18 

88*88 

10 

68 

36-47 

9 

38 

41-52 

10 

19 

38-77 

10 

59 

86-42 

9 

39 

41-45 

10 

20 

88-71 

11 

0 

86-86 

9 

40 
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ADDENDA, 


Since  the  account  of  the  Scott-Snell  self-intensifying 
system  was  written,  the  author  is  informed  that  in  the 
latest  type  of  the  Scott-Snell  lamp  the  gas  supply  is  not 
interfered  with,  that  is,  the  gas  is  burned  under  normal 
conditions  entirely.  A  combination  gas  and  air  nipple  is 
used  which  admits  the  compressed  air  in  paraUel  jets  to  the 
gas  jet;  together  these  blow  into  the  burner  tube,  drawing  in 
additional  air  as  in  the  ordinary  Bunsen  burner.  The  motions 
and  functions  of  the  various  parts  of  the  lamp  remain  the 
same,  but  the  suction  and  inlet  valve  draws  air  from  the 
surrounding  atmosphere  instead  of  gas  from  the  main. 
This  improvement  dispenses  also  with  the  special  reverter 
or  gas  controller  formerly  in  the  base  of  the  nipple.  By 
making  the  displacer  and  the  vessel  within  which  it 
opemtes  in  the  shape  of  cylinders,  it  has  been  found  to 
increase  the  radiation  at  the  upper  or  cool  end  sufficiently 
to  enable  the  water  formerly  used  in  connection  with  the 
lamp  to  be  dispensed  with. 


T 


^Y  op  cjOHIO,  APKIL  1st,  1901. 


^^^         the  Committee  on  the 
mpt^Q^Ictive  IllumiQation! 


2d  •7^  markable. 


"^ 


OpiaioD  of  Local  SupenDtendent. 


Arc  lamp  beet  for  the  buainess  part  of  the  City. 


Coat  of  iDspectors  for  these  =  5640  dollars  per 
annnm. 

Intends  to  g^radually  replace  all  gas  lamps  with 
electric  arc  lamps.  Cost  of  lighting  per  mile  of 
street  10%  more  with  gas  than  by  arc  lamps. 


Price  of  Welsbach  only  temporary.    If  these  are 
adopted  price  will  be  increased. 


,.■ 
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I  from 
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Comparing  the  16  c.j>. 

[noandetoent  Eleotrio  Lamp 

with  a  15  or  16  o.p. 

Flat-flame  Gas  Burner, 

do  you  find 

the  light  from  the 

former  as  difforiye  as  the 

latter! 


GENERAL  REMARKS. 


-night 


No.  We  should  prefer  two 
8  c.p.,  if  the  limit  of  c.p. 

>  is  fixed,  bat  I  think  three 
8  o.p.  as  described  ex- 
tremely good  for  diffusion. 

Have  no  incandescent  elec 
trio   street   lamps    under 
60o.p. 


t  Painting  Is.  2d.  per  lamp  extra. 


L0*6 


10 


The  most  noticeable  feature  of  Chelsea  is  the 
irregularity  in  the  distance  between  the  lamps. 
Were  the  lighting  of  the  Borough  re-organised 
and  lamp-posts  fixed  at  proper  intervals  a  great 
improyement  in  the  lighting  would  ensue. 

The  150  arcs  first  in  use  are  charged  at  £19  lOd. 
per  annum  each ;  the  next  50  at  £17  10s.,  the 
next  100  at  £15,  and  the  remainder  and  those 
to  be  added  at  £14  lOs.  each  per  annum. 
Experience  with  incandescent  gas  lamps  (parti- 
cularly No.  8  burners)  not  wholly  fayourable. 


Arc  lighting  is  undoubtedly  the  best^  but  in 
narrow  streets  where  there  are  many  streets 
intersecting  the  number  of  arc  lights  required 
would  be  too  numerous.  Welsbach  lamps  will 
be  greatly  extended  this  year,  those  mentioned 
hanng  been  only  put  up  as  a  trial. 
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Comparing  the  16  c.p. 

[Qcandeecetit  Electric  Lamj 

with  a  15  or  16  c.p. 

Fiat- flame  Gas  Burner, 

do  you  find 

the  light  from  the 

former  as  dififosive  as  from 

the  latter? 


GENERAL  REMARKS. 


ioU 


rhe  cost  of  current  is  the  chief  item.  We  prefer 
the  open-type  direct-current  arc  lamps,  owiftg 
to  theUr  greater  efficiency  in  watte  per  candle 
power. 


Yes. 


12 


The  Council  have  recently  decided  to  alter  the 
whole  of  the  flat-flame  burners  to  mcandejcent 
gM  burners  consuming  3^  cubic  «eet  per  hour 
Ld  arrangemento  are  now  being  made  for  the 
S^^  Sltorations  to  lanterns,  fittings,  &c. 

Vll  street  lamps,  including  arcs,  are  lighted  all 
niehr  The  glow  lamps  are  switched  on  and 
of  by  an  automatic  switch  worked  by  the 
current  suppUed  to  the  arc  Umps  which  are  in 
SJn  circu%,  rectified  current.  suppUed  from 

I    the  electricity  works. 

I 
•    -f^««x  Ordinary  flat-flame  gas  burners  are  used  for  street 

are  unsteady. 


Not  in  the  open  air 


I  rhe  flat-flame  burners  are  being  altered  toinc^n- 
descent  at  the  rate  of  20  per  week,  three-light 

'  &«  being  substituteTfor  V?ton«  and 
five-light  duSers  for  Lambeths.    "C    burners 

are  used. 


-T'T 


V 
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Height 

f  mm  . 
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Comparing  the  16  o.p. 

[ncandeaoent  Electric  Ism\ 

with  a  15  or  16  c.p. 

Flat-flame  Gas  Barner, 


do  yoa  find 


GENEliAL  UKMAKKS. 


AX. 


Yes. 


^ith  dean  lamps  and  good 
bunen  the  electric  has  a 
slight  advantage.  With 
white  reflectors  it  has  a 
considerable  advantage. 
Sach  efficient  reflectors 
cannot  be  used  with  flat* 
flame  burners. 


m  one  oi   uie   mam  tnorougbfaree   through' 
which   electric  trams  mn  and   centre   poUs 
used. 

Oar  present  installation  of  sttm  lighting  with  the 
Welsbach  mantles,  which  has  been  in  operation 
three  or  foor  years,  is  highly  satisfactory. 
There  is  no  probabih'inr  of  any  large  exten- 
sion of  the  electric  lighting  in  the  streets  at 
present. 

*  242  arcs  for  street  lighting,  seventeen  for  light- 
ing sea  front,  and  five  for  lighting  wharves. 


This  town  was  the  first  in  the  kingdom  to  adopt 
incandescent  gas  lighting  as  a  whole,  l^e 
result  has  been  most  satisfactory. 

The  Welsbach  incandescent  gaM  lamps  will 
eventually  be  used  throughout  the  town,  being 
appreciated  for  the  greater  brilliancy  and 
brighter  appearance  of  the  streets  when  lit. 

Glow  lamps  on  from  midnight  till  6  a.m.  Incan- 
descent gas  system  being  extended. 


Alfio  twelve  Kitson's  petroleum  lampi,  1000  c.p. 
50  yards  apart ;  15ft.  high. 


1" 


(     529     ) 


INDEX 


It 


n 


»» 


It 


ACCUM,  F.,  6 
Acoumolators,  475 
Acetylene,  489 

Burners,  205 
Calorific  Value  of,  319 
Cost   of,   Comparative, 

491 
Generators,  492 
Actinic  Value,  18 
Action  of  Burners,  101 
Action  of  Multiple  Coils,  351 
Aerorthometer,  64 
Air  in  Coal  Gas,  110 
Albo-carbon  System,  218,  219 
Alternating  Current,  Curve  of,  858 
Alternating     Ciunrent,     Curve    of 

Three-phase,  854 
Alternating  Current,    Diagram  of 

Connections,  855 
Alternating  •  current     Generator, 

Double  Coil,  847 
Alternating  -  current     Generator, 

Multi-phase,  851 
Alternating  •  current     Generator, 

Single  Coil,  844,  368 
Alternating  •  current     Generator, 

Single-phase,  844 
Alternating  -  current     Generator, 

Three-phase,  858 
Alternating  •  current     Generator, 

Two-phase,  852 
Altemating-ourrent  Motors,     866, 

868 
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Alternating-current    Transformers, 

879 
America,  Lighting  in,  497 
Ammeter,  889 
Ampere,  the,  882 

„      Measurement  of,  892 

Ampere's  Experiments,  829 

Anti vibrators,  264,  268 

Arc  Lamps,  Angold's,  478 

Arc  Light,  Efficiency  of,  14 

Argai^  Burners,  211 

Multi-ringed,  212 

Standard,       187, 
195,  197 

with  discs,  199 

Armature,  841,  870 

„  Coils,  842 

Atmosphere,  Effect  of,  on  Flame, 

108 
Average  Meter  System,  270,  278, 

287 

BATTEBSEA,  Lamps  at,  478 

Becquerel's  Electrical  Photometer, 
24 

Behl's  Governor  Burners,  217 

Bellamy,  Mr.,  on  Liverpool  Light- 
ing, 226,  804,  et  seq. 

Bengeur's  Disc,  21 

Benzene,  Illuminating  Value  of,  107 
„       Calorific  Value  of,  819 

Board  of  Trade  Committee  Report 
on  Standards  of  Light,  89 
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Board  of  Trade  Begulations,  Elec- 
trical Supply,  501 

Borradaile's  Governor  Burners,  217 

Boulnois  on  niumination,  404 

Bowditch*8  Carbonic  Oxide  Flame, 
35 

Bray's  Burners,  200,  214,  215,  216 

Bristol,  488 

British  Thermal  Unit,  318 

Bronner's  Burners,  215 

Brushes,  Electrical,  345,  358 

Bunsen's  Disc,  22,  24 

Burners,  Action  of,  101 
Bray's,  200 
Duplex,  216 
Effect  of,  with  Different 

Qualities  of  Gas,  117 
Gas,  11, 101, 186 
Peebles',  206,  217 
Beport  of    Gtis  Referees 

on,  189 
Silber's,  216 
Siemens',  213,  216 
Standard,  137 
Sugg's,  205,  ei  aeq. 
Tests  of,  189,  213 
Ungar's,  215 

Butane,  Calorific  Value  of,  319 

Butylene,  Calorific  Value  of,  319 


CALORIES,  318 
Calorific  Values,  319,  323 
Calorimeter,  823 
Candle  Balance,  82 

„      Method  of  Using,  28 

„      Paiafiin,  34 

, ,      Standard,  Parliamentary,  26 
Candle-foot,  402 
Candles,  per  Ton  of  Coal,  106 
Cane  Hill  Asylum,  808 
Carbon  Monoxide,  Calorific  Value 

of,  319 
Carbons,  Life  of,  418 
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Carcel  Lamp,  33,  401,  525 

Celsius'     Method    of   Estimating 

Light,  21 

Cerium,  223 

Charges  for  Electricity,  437 

Charles,  Dr.,  7 

Christiania' Globe  for  Mantles,  245 

Circuit  with  Lamps,  383,  885 
Clamond's   Incandescent   Burner, 

220 

Clark's  Regenerative  Burner,  213 

Clayton,  Dr.  James,  7 

Clocks,  Standard  and  Meter,  82 

Coal  Gas,  Calorific  Value  of,  318, 
828 
"  Candles  per  Ton,"  106 
Chemical  Composition  of, 

103 
Discovery  of,  6 
Effect  of  Air  on,  110 
Effect  of  Heat  on  Produc- 
tion of,  104 
Effect  of  Purification  of, 

106 
Illuminating  Constituents 

of,  107 
Uluminating  Value  of,  79, 

425-6 
Physical  Properties  of,  96 
Pounds  of  Sperm  per  Ton, 

106 
Quality  and  Price  of,  115 
, ,      and  Consumption , 
119 
and  Water  Gas,  180 
Cocks,  Lever,  290 
Colours,  Distinguishing  by  Artificial 

Light,  17 
Combustible  Diluents,  108 
Commutator,  856,  861 
Comparative  Cost  of  Light,    425, 

486,  491 
Comparison  of  Lights,  21,  425-6 
Conductance,  391 
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Conduotors,  Parallel,  880 
Connections  to  Electro-motor,  865 
Gontinuons-current  Generator,  848, 

867 
Continaous  Gurrent,  Uniform,  860 
Cost  of  Light  in  Liverpool,  226 
Gost  of  Lighting,  808,  428 
Gost  of  Lighting  by  Electricity,  811, 

812 
Gost  of  Street  Lighting,  Liverpool, 

by  Gas,  809 
Cost  of  Working  Electric   Plant, 

488 
Crookes',  Sir  William,  Lamp,  85 
Croydon,  485 
Crystal  Palace  Exhibition,  1882  8, 

187 
Cubic  Foot  Bottle,  88 
Gurrent,  Direction  of,  886 
Power  of,  888 
Continuous,  842,  856 
Continuous  Generator,  848 
Measurement  of,  888,  889 
Curve  of  Continuous  Current,  859, 

862 
Curve  of  Single-phase  Alternating 

Current,  846 
Curve  of   Two-phase    Alternating 

Current,  858 
Cycle  of  Continuous  Current,  859, 

862 
Cycle  of  Generation  of  Current,  846 


n 


DAVY,  Sir  Humphry,  1 

Deacon,  G.  F„  on  Illumination,  406 

Destructor,  Refuse,  459 
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Badial    Photometer,     64, 
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109 
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48 
Dry  Meters,  148 
Daplex  Burners,  216 
Dutch  Standard,  44 
Duty  of  Gas  Burners,  186,  188 
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Effi'^iency  of  Electric  Lamps,  411, 

418,  420 
Electric  Arc,  First  Produced,  1 
Electric  Generators,  841 
Elecbric  Lamp,  Incandescent,  877, 

418 
Electric  Lamps,  Efficiency  of,  411, 

418 
Electric  Lighting  Act,  518 
Electric  Lighting,  Examples  of,  428 
Electrical  Brushes,  845 
Electricity,  Generation  of,  828 
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811, 812 
Electricity    Works     and     Refuse 

Destructor,  459 
Electro-magnets,  881 
Electromotive  Force,  888,  888 
Electro-motors,  864 
Enclosed  Arc  Lamps,  418 
Energy  per  Candle-power,  421 
Enrichment  of  Goal  Gas,  118 
Enrichment  of  Coal  Gas,  Methods 
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Ether  Flame,  85 

Ethane,  Calorific  Value  of,  819 

„       IlluminatiDg  Value  of,  107 

Ethylene,  Calorific  Value  of,  819  ^ 

„        Illuminating  Value   of, 

107 

Examples  of  Electric  Lighting,  428 

Exciter,  the,  868 
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897 
Eye,  the,  Action  of  Light  on,  898 
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Faraday,  Discovery    of    Lines  of 

Force,  384 
Foucault  Disc,  21 
Festing,  Col.,  on  Illumination,  404 
Fiddes*  Aperture,  85 
Field,  Magnetic,  884,  887 
Field  Magnets,  841,  870 
Flame,  Luminosity  of,  101 
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20,  206,  208 
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210 
Flate-flame  Gas  Burners  in  Lan- 
terns, 209 
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Force,  Electromotive,  838,  888 
Foulger  Patent  Torch,  291 
Frankland,  Dr.  E.,  on  Luminosity, 

102 
Frankland,  Dr.  Percy,  on  Effect  of 

Diluents,  108 
French  Standard  of  Light,  88 
Fulham,  469 

GAS  Burner,  Standard,  187,  186 
„    Burners,  "  Duty  of,"  186 
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Gas  Coal,  Illuminating  Power  of, 
10 
Compressor,  288,  286 
Economiser,  Bray's,  208 
Lighting,  Cost  of,  226,  285 
Lighting,  Incandescent,  220 
Meters,  146 
Referees'  Report  on  Burners, 

189 
Sales  of,  Act,  179 

Gases,  Calorific  Value  of,  819,  828 

Gases,  Specific  Gravity  of,  99 

Gasholder,  Experimental,  275 
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German  Standards,  84,  43 
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meter, 90 

Globes,  405,  412 

Gloucester,  480 

Governor  Burners,  206,  208,  217 

Governors,  Lamp,  270 

Grosse's  Photometer,  24 

Grouped  Flat-flame  Burners,  210 


HALES,  Dr.,  7 

Harcourt's,  A.  G.  Vernon,  Pentane 

Lamp,  86 
Holophotometer,  72 
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et  aeq. 
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Heat,  Effect  on  Make  of  Coal  Gas, 

104 
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426 
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106 
Heating  Power,    Electrical  Bates 

for,  454 
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Hydrogen,  Calorific  Value  of,  819 
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Illuminating  Effect,  402 
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KAPP,  on  Illumination,  405 
Keats'  Sperm  Lamp,  85 
Kern  Burner,  226 
King's  Gauge,  81 
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LAMBETH  Lamp,  240 
Lamp  Governors,  270 
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Methods,  808 
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Liverpool,  Cost  of  Light  in,  226, 
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Lowe's  Jet  Photometer,  87 
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tles, 224 
Magnetic  Field,  829,  884 
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Mains,  Electrical,  477 
Marie's  Obscuration  Method,  21 
Market  Burners,  204 
McMinn's  Disc  Holder,  25 
Measurement  of  Current,  889,  392 
Measurement  of  Light,  18 
Merritt,  Mr.,  12,  420 
Meter  Index,  160,  184 
Meter,  Testing,  79,  80 
Meters,  146 

Compensating,  178 

Dry,  Early  Forms  of,  146 
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Portable  '  Standard    Test, 

285 
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Wet,  162 
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Methane,   Illuminating    Value    of, 

107, 108 
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Moore,  G.  E.,  828 
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Motors,  Armature  and  Field  Mag- 
nets of,  870 
Electro-,  864 

„       Connections,  897 
Induction,  869 
Self-starting,  868 
Multi  -  coil      Alternating  •  current 

Generator,  848 
Multiphase    Alternating    Current, 

851 
Multiple  Coils,  Action  of,  850 
Murdoch,  Mr.,  8 
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85 
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NAKANO,  Mr.,  420 

Naphthalene,    Illuminating    Value 

of,  107,  219 
Needle  Governor  Burners,  Peebles', 

206 
Nemst  Lamp,  425 
Nichols,  Prof.,  12,  14,  16,  420 
Non-regulator  Burners,  208 
Nottingham,  Average  Meter  System 

at,  278,  287 
Nottingham  Electric  Lighting,  454 


OHM,  Dr.,  Law  of,  888 
Ohm,  The,  882 
Orange  Heat,  105 
Oven  Burners,  204 
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PARAFFIN  Oandle,  84 

Parallel  System,  486 

Peebles'  Needle  Governor  Barners, 

206 
Pentane    Argand,   Dibdin*s,  88,  et 
seq. 
Calorific  Value  of,  819 
Lamp,  Haroourt's  One- 

oandle,  86 
10  -  Candle  Lamp,  Har- 
coort's,  42 
Petroleum,  Cost  of  Light  by,  425, 

426 
„  Incandescent  Lighting 

by,  260,  425 
Photometer,  Canadian,  47 

Closed,  Evans',  48 
Harcourt's    Holopho- 

tometer,  72 
Harcourt's  Table,  49, 

et  seq. 
Hartley's,  59 
Jet,  87 
King's,  46 
Letheby's,  46 
Portable,  Dibdin's,  58 
Badial,  Dibdin's,  64 
Sugg's  Travelling,  74 
The  Imperial,  49 
Tooley-street  Pattern, 

47 
Trotter's,  76 
Photometers,  45 
Photometry,  21 

„  Radial,  61 

Physical  Properties  of  Coal  Gas,  96 
Platinum  Molten,  Violle's  Standard, 
48 
„        Wire  Standard,  Draper's, 
48 
Plummer,  on  Moonlight,  405 
Pole's,  Dr.,  Law,  189 
Polyphase  -  Alternating  •  current 
Motors,  868 
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Portable  Standard  Test  Meter,  285 
Potential,  882 

„        Difference  of,  889 
Preece,  Sir  William,  on  Illumina- 
tion, 404 

,.  „         the  Lux,  401 

Prepayment  Meters,  169 
Pressure  Gauge,  Gas  Referees',  85 
Price  of  Coal  Gas,  114 
Progress   of  Electrical  Supply  of 

Bristol,  451 
Propane,  Calorific  Value  of,  819 

„        Illuminating    Value    of, 
107 
Propylene,  Calorific  Value  of,  819 
Provisional  Orders,  520 
Public  Lamp  Meter,  288 


QUALITY  of  Coal  Gas,  115 
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RADIAL  Photometer,  64 
„        Photometry,  61 

Railway  Carriage  Burners,  205 

Rates  for  Heating  Power,  454 
„    Lighting,  458 
„    Motive  Power,  454 

Ratstail  Burners,  Bray's,  203 

Reading  Town  Hall,  400 

Red  Heat,  105 

Reflectors,  Effect  of,  70, 405,  406 

Regenerative  Burners,  187,  212 

Regnault  Disc,  21 

Regulations,  Board  of  Trade,  Elec 
tricity,  501 

Regulator  Burners,  Bray's,  208 

Resistance,  891 

Examples  of,  886 
Unit  of,  882 

Ritchie  Photometer,  22,  84 

Rotary  Transformers,  878 

Rumford,  Count,  Photometer,  22 
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SALES  of  Qas  Act,  1859,  179 

Scott- Snell  System,  247 

Segundo  de,  Mr.,  on  Arc  Lamps, 

413 
Self-intensifying  Gas  Pressure,  246 
Self-starting  Motors,  368 
Series  System,  487 
Shades,  Effect  of,  71 
Siemens   and   Halske's    Selenium 

Photometer,  24 
Siemens'  Regenerative  Burner,  186, 

212,  213,  216 
Siiber's  Argand  Burners,  215,  216 

Simmsutioeand  Abady's  Calorimeter, 

323 
„  „         Torch-light- 

ing     Sys- 
tem, 298 

Single-phase  Alternating  Current, 
344 

Single  •  phase   Alternating  -  current 
Curve,  846 

Single  -  phase    Alternating  -  current 
Motor,  366 

Single-phase  Induction  Motors,  372 

Smith's,  Clifford,  Report  on  Light- 
ing, 803 

Smith,  Prof.  B.,  Anti vibrator,  264 

Solenoid,  831 

Somz^e-Greyson  System,  233 

Sources  of  Light,  19 

South  London  Lamp,  242 

Special  Burners,  Bray's,  201 

Specific  Gravity  of  Gases,  99 

Sperm  Lamp,  85 

Sperm,  Pounds  of,  per  Ton  of  Coal, 
105 

Spiral  Globe,  409 

Square  Boots,  Table  of,  403 

Star  Disc,  22 

Standards  of  Comparison,  25 

Standard  Flat-flame  Burners,  205 

Standard     Parliamentary   Candle, 
26 
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Stockton-on-Tees,  428 
Stop-dock,  55 

Street-lighting  Table,  Sugg's,  297 
Sugg,  W.,  10-Candle  Test,  38 
Sugg's     Apparatus     for    Testing 
Governors,  273 
Argand  Burners,  196,  197, 

211 
Flat-flame  Burners  in  Lan- 
terns, 209 
„      Governed  Flat-flame  Bur- 
ners, 208 
Grouped  Burners  in  Lan- 
terns, 210 
Harwich  Antivibrator,  269 
„      High-pressure  Gas    Light- 
ing, 237,  243 
„      Illuminating-power   Meter, 

92 
„      Lamp  Governors,  270,  et  seq, 
„      Multi-ringed  Burners,  212 
„      Portable     Standard      Test 

Meter,  285 
,,      Pressure     Increaser,     236, 

288 
„      Public  Lamp  Meter,  283 
M      Single  Flat-flame  Burners, 

206 
„      Standard    Argand   Burner, 
137,  195,  197 
Street  Lamps,  240 
, ,      Street -lighting  Table,  297 
„      Table-top  Burners,  205 
„      Travelling  Photometer,  74 
Sunlight  Burners,  208 
Switchboard,  Ferranti  Type,  466 
Syphons,  80 


TABLE  Photometer,  49 
Table-top  Burners,  Sugg's,  205 
"  Ten-candle  Test,"  Sugg's,  38 
Test,  the  Photometrical,  85 
Testing  Meters,  Official,  181 
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Testiiig  Photometrical  Apparatus, 
80 

Testing  Stations,  Positions  of,  86 

Thames      Embankment     Experi- 
ments, 8, 411 

Thomson,  Dr.  J.,  12,  421 

Thorium,  223 

Three-phase      Alternating- current 
Curve,  854 

Three-phase      Alternating-current 
Generator,  858 

Three- wire  System,  898 

Toluene,  Calorific  Value  of,  819 
„      Illuminating  Value  of,  107 

Torch  Lighting  and  Extinguishing, 
288 

Transformers,  874 

Trotter,  Mr.,  on  Illumination,  404 
on  Moonlight,  405 
on  Befieotion,  406 

Trotter's  Photometer,  76 

Two-phase  Generator,  458 

Two-phase  Induction  Motors,  872 


UNGAR'S  Burners,  215 
Uniform  Continuous  Current,  860 
Unit,  Board  of  Trade,  424 
Units  of  Electricity,  Board  of  Trade, 
5 

VICTORIA  Lamp,  240 
Violle*s    Molten    Platinum    Stan- 
dard, 48 
Volt,  The,  888 

„    Measurement  of,  892 
Voltage,  Effect  of,  on  Incandescent 
Lamp,  418 
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Voltage,  Variation  of,  868,  875,  878 
Voltameter,  890 
Voltmeter,  890 

WABTHA,  Von,  Ether  Flame,  85 
Water  Gas,  180 
Watford,  429 
Wattmeter,  890 
Welsbach  "  C  "  Burner,  225 
Welsbach-Kern  Antivibrator,  268 
Welsbach -Kern  High -pressure  Bur- 
ner, 280 
Welsbach  Mantle,  18,  221 

Mantle,  Cost  of  Light  by, 
424 

Mantles,     Deterioration 
of,  808 

Self  -  intensifying    Bur- 
ner, 281 
Wenham  Burner,  218) 
Westminster  Burner,  Sugg's,  209 
Wet  Meters,  79,  80, 162 
Wheatstone's  Photometer,  22 
Wigan,  474 

Willans'  Generators,  470 
Windsor  Lamp,  241 
Winsor,  Mr.,  9 
Wire,  Conducting,  386 
„    Size  of,  349,  874 
Wright,LewisT.,Researchesby,  108 
Wurtz,  on  Air  in  Coal  Gas,  110 


YTTRIUM,  228 


ZINCKEN'S  Paraffin  Candle,  84 
Zkeonium,  228 
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ORIGINAL    MAKERS.  ESTABLISHED   1844. 

THOMAS  GLOVER  &CO.,Ld. 

six  Hedmli  Bwapd«d  to  Thomas  Clover's  P&tBiit  Dry  Gas  Meters. 
THE  HIGHEST  AWARD  FOR   DRY  QAS  METERS  AT  THE  PARIS 
EXHIBITION,  1847. 
6lnc«   th*n    w«    Kitv*.   not   I 
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Improved  PREPAYMENT  METER 


For  Pennies, 

Shillings, 
or  any  coin. 


Price 

Ctianger  In 

Situ. 


THOMAS  GLOVER  &  CO.,  Ld., 

Dry  Oas  Meter  Manufacturers, 

214-222,  ST.  JOHI  STIEET,  CLERKENIIU  GREEK,  LOHDOll,  E.C. 

BRISTOL  !  28.  Bath  Street.    Telephone  So.  lOM.    TeL  AddrBw,  Oonue. 

BIRHIMGHAM:  67ft68,  BfomI  St. ,  k  Cumberland  St.    TcL  Addreu,  Ootatc. 

HANCHESTBn :  87,  BlaekfrlaFS  St.     Tdepbonc  No.  SSdS.     Tel  Addreu,  Oothic. 


scoTX  sne:liI< 

HIGH  PRESSURE  LAMP. 

Automatic  Action.        Self  Contained. 

The  ONXjY  High   Pressure  Lamp. 


500-600  Elflclency 

Candles  40 

from  ONE  CANDLES 

Burner.  per  Cubic 

Foot  of 

Oas. 
Existing 

Columns 

and  Stand  No 

Pipes  can  Tearingup 

be  used.  of 


Complex  Easily 

Mechaniiim.  Installed. 


TYPE    OF    REFUQE    LAMP. 

High  Pressure  Lighting  WITHOUT  the  aid  of 
COMPRESSORS  or  SPECIAL  HAINS. 

SDIPEHSION  lUPS  FOR  INDOOR  LIGBTIHG,  FACTORIES,  1 WORKSIOPS. 

The  use  of  nater  for  cooling  purposes  is  dispensed  with.     Qas  is  retained 

at  nonnttl  pressure,  and  lamp  automatically  supplies  itself  with 

compressed  air. 


SELF-INTENSIFYING  GAS  LAMP  CO.,  Ld. 

^,  VICTORIA  ST-,  WESTMINSTER,  LONpON,  S.W, 


oft 

OVER    eSO     MACHINES    IN    USE.  M 
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WELSBAGH 
SELF-INTENSIFYING 
KERN  BURNER 

Giving  a  Lighting  Efficiency  or 

600  Candles  per  Burner 

With  about  20  Cubic  Feet  of  Gas  at 

ORI>INARY    PRESSURE. 


Dispensing 

Specially 

entirely  with 

Suitable  for 

Auxiliary 

Dgbting 

Compressing 

Large  Areas. 

Plant. 

™  BBOwr. 

FOB  FUBTEBB 


Welstoch  Incandescent  Gas  Ligbt  Co., 

YORK  ST.,  WESTMINSTER,  LONDON,  S.W. 


PaRKINSON  AND 
W.  6  B.  COWSN.  LD 


(COWAN  BRANCH). 


MANUFACTURERS  OF 


k  m  m  wm. 

Station  Meters, 

Station  Governors. 

APPARATUS  FOR  TBE  COWAN  PRESSURE  SYSTEM 


TESTING  QASHOLDERS  AND  TEST- 
METERS.      PRESSURE   AND    EXHAUST 
REGISTERS,  PRESSURE  QAUQES,  &c. 


SERVICE  CLEANSERS. 

Meters  tor  Lamp  Piltars,  Footway  Meter  Boxes, 

and  other  Qas  Apparatus. 

PATENT  CX)IN.IN-THE.SLOT  METERS. 

SMITH    SQUARE   WORKS,   WESTMINSTER,    LONDON,   &W. 

Telephone  No.  260  Westanixister. 
DALTON  STREET  WORKS,  NEWTOWN,  MANCHESTER. 

Telephone  No.  1645. 
BUCCLEUCH  ST.  WORKS,  EDINBURGH.    Telephone  No.  768. 

COLONIAL  METER  WORKS,  Macquarie  Place,  SYDNEY,  N.&W. 

Telephone  No.  2620. 

TBLiaRAPHic  Addrk^is :— " Disc,  London,"  "Disc,  IfanohMter,"  "DIbc,  Bdlnbuiyh, 
"  Disc,  Sydney. "    Telegraphic  Codes  used :— A  1  and  ABO  (4th  BdltlonX 

SPECIAL  CODB  PIIRNI8HBD  ON  APPLICATION, 


GEORGE  ORME  &  CO 


S^ 


^^Ttrnrrrnry 


OBRAMCH  OF  MBTBRS,  I/TD.) 


Atlas  Meter  Works, 


GAS    REGULATORS 


roB 


STREET  LAMPS. 


USED   BY  ALL    THE 

CORPORATIONS  |&  [GAS  COMPANIES. 


Samples  and  Prices  upon 
Application. 


National  Telephone  No  98. 
Telegraphic  Address:  "Orme,  Oldham. 


H.  GREENE  &  SONS, 

Umlt*d, 

uoNDON,  e:.c. 

Qas  Lighting  Engineers  &  Contractors. 


2SB    AVENUE. 

Warm— 
SURREY    ENQINEERINQ   WORKS,    BLA0KFRIAR8,   &E. 

OrBBHB's   Pmieitt 

CLIMBING   LIGHT 

"  INSERTIO  " 

doiivee  itB  name  from  the  mode  of 
operatiDg  the  aune.  The  lighted 
torch  U  iiiBerted  Into  a  o^hndei 
containing  a  perforated  copper  tube 
attached  to  the  gas  supplj  b;  a  oook, 
which  when  the  torch  tonchea  the 
lever  In  ojllnder  at  A,  not  only 
odraitB  Oaa  to  the  Ollmbiag  Light, 
but  also  to  the  burner,  uid  iQ  Buch  a 
manner  that  when  the  flame  Teaohei 
the  top  of  the  tube  the  gaa  Hnpply  to 
I  the  Climbing  Light  h  antomatidally 
cat  of!  again,  wlulat  the  burner  is  lit, 
LiBHTiHQ      A  ■"  action  which  Iq.  practically 

When  the  burner  ia  to  be  extin- 
guished, the  torch  merelj  tonohee 
the  opposite  end  of  the  cranked  levar 
at  B.  The  annexed  UlnstrationB 
show  the  positiong  of  the  levet,  from 
which  it  will  be  seen  that  to  light  a 
lamp  (he  torch  ia  inserted  at  A,  and 
to  extinguish  it,  requires  a  geutle 
puah  with  torch  at  B,  which  will 
place  the  lever  Into  Its  OrfgiiUll 
position,  ready  again  for  re- 
lightioi;  when  required. 
.  The   InsertlO    ia    adaptable  to 

M17   form  of  Lamp,    to  light  any 

number  of   bnmers,   by  one  aotlon 

B  tuTiHnn  I  ■■ma  from  the  outside  of  Lamp. 


As  lamps  fitted  with  our  Pfttent  InsePtlo  need  only  be  opened  for 
the  purpose  of  oleaning  the  glass,  the  protection  of  mftntlea  is  neoesearily 
ensured,  and  a  good  man]'  saved  per  annum,  whilst  at  the  same  time, 
flap-doora  being  done  away  with  entirel;,  no  dntnghts  or  accidents  to 
nuutlee  through  lonohiug  mil  oocnr,  the  saving  is  very  conaiderabl'e. 

Another  important  saving  is  the  oort  of  Om  for  BTe-pas«es,  the  Utter 
being  aboliehed.    At  the  low  estltiute  of  one-third  onbic  foot  per  hour,  the 


MTing  will  be  from  Bs.  to  ?•■  6di   (aooordfng  to  price  charged  tor  Qas) 
per  annom  per  burner,  practically  aavlng  the  cost  ot  the  InaOFtlO  in 

twelve  months  in  gas  not  used. 

The  adoption  of  our  Patent  ApptuatoB  ezclndes  Wind,  Bain,  and 
Dost  from  the  Lamp,  tha  inside  glasses  keep  dean  much  longer,  and  aca 
much  more  easily  cleaned,  as  there  are  no  Bye-pass  or  other  obatruotions. 

Tho   Omm  /•   lit  Inmtmntmnaoumly  by  Lmmp- 
llghtBr'm    ordlnmmy    torohm 

Vbe  InaePtlO  li  in  hm  ii 

made  In  '.  ^^ 

e  than  the  cost  of  an  ordinary  Xiantam'oook  and 
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SURVEYORS, 

MEDICAL  OFFICERS  OF  HEALTH. 

SANITARY  INSPECTORS, 

n 

The  Sanitary  Record 

Ain> 
Journal  of  Munielpal  and  Sanitary  Engineering. 


IT  OOMTAIHS 


News  of  every  phase  of  Public  Health  work  in  all 
parts  of  the  world. 


Annual  Subscription 


(which  ••curat  a  frM  copy  of  tho  SANITARY  RECORD  DIARY 
AND  YEAR  BOOK,  publlshMl  at  2s.  Sd.  not.) 

12s.  6d«  for  the  United  Kingdom  (post  free). 

16s.  for  the  Colonies  and  Foreign  Countries  (post  free). 

SINOLE  COPIES  THREEPENCE  EACH. 
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Sanitapy  Publisbiog  Co., 


Limited, 
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